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THE  LARAMIE  FLORA  OF  THE  DENVER  BASIN, 

WITH  A  REVIEW  OF  THE  LARAMIE  PROBLEM. 


By  F.  H.  Knowlton. 


INTRODUCTION. 

In  the  investigation  of  the  Laramie  flora 
which  I  began  about  1889  it  was  my  original 
intention  to  study  the  flora  of  the  Laramie 
formation  of  the  entire  Rocky  Mountain  region, 
over  which  the  formation  was  then  understood 
and  generally  accepted  as  being  widely  dis- 
tributed. As  a  preliminary  to  this  study  the 
older  collections,  which  had  served  as  the 
basis  for  the  work  of  Lesquereux,  Newberry, 
and  others,  were  critically  reviewed.  To  this 
basis  was  to  be  added  the  new  material  that 
was  becoming  available  in  ever-increasing 
volume.  It  very  soon  became  evident,  how- 
ever, that  opinion  concerning  the  Laramie  for- 
mation was  undergoing  a  transition,  during 
which,  as  will  be  shown  in  the  historical  review 
which  follows,  area  after  area  was  found  to 
have  been  incorrectly  or  unwisely  assigned  to 
the  Laramie.  The  work  was  consequently  de- 
layed pending  the  settlement  of  these  disputed 
points,  and  subsequent  events  have  abundantly 
proved  the  wisdom  of  postponement,  for  other- 
wise the  result  would  have  been  a  composite 
picture  and  open  to  the*  same  objections  as 
those  that  fall  upon  Ward^s  ''Flora  of  the 
Laramie  group.''  The  revision  of  the  older 
material,  together  with  the  descriptions  of 
such  new  material  as  came  to  hand  from  time 
to  time,  has  consequently  lain  in  manuscript 
for  many  years,  though  it  has  been  available 
and  has  furnished  the  basis  for  numerous  ten- 
tative considerations  of  this  flora. 

In  view  of  the  uncertainties  as  to  the  ultimate 
classification  of  certain  of  the  supposed  Laramie 
areas,  it  was  finally  decided  to  restrict  this  ac- 
count to  an  area  about  which  there  is  little  or  no 
disagreement.     The  Denver  Basin  in  Colorado 


offers  such  an  area.  The  geologic  relations  of 
the  Laramie  as  imderstood  in  1896  were  set 
forth  by  Emmons,  Cross,  and  Eldridge  in  their 
monograph  on  the  geology  of  the  Denver  Basin.* 

After  the  segregation  of  the  Arapahoe  and 
Denver  formations  from  the  Laramie,  there  re- 
mained the  Laramie  unit  as  now  accepted, 
which  is  believed  to  fulfill  in  all  essential  par- 
ticulars the  requirements  of  the  original  defini- 
tion by  Bang.  When  the  Denver  Basin  mono- 
graph was  published,  it  was  supposed  that  the 
coal-bearing  Laramie  rocks  were  present 
throughout  the  Front  Range.  Subsequent 
study  has  shown,  however,  that  the  Laramie  is 
not  now  known  to  extend  beyond  Colorado 
Springs  on  the  south. 

This  paper  deals  with  the  plants  known  from 
the  Laramie  of  the  Denver  Basin,  which  is  here 
considered  as  slightly  larger  than  the  limits  set 
in  the  monograph  above  mentioned,  extending 
from  the  vicinity  of  Greeley  to  the  divide  near 
Palmer  Lake  on  the  south.  The  southernmost 
exposure  of  Laramie  rocks  in  the  Castle  Rock 
quadrangle  is  in  practical  continuity  with  the 
Laramie  in  the  Denver  Basin  and  is  separated 
by  a  covered  interval  of  only  about  18  miles 
from  the  nearest  exposure  of  Laramie  in  the 
Colorado  Springs  quadrangle.  To  the  east  the 
Laramie  extends  for  varying  distances  out  on 
the  plains,  where,  however,  it  is  more  or  less 
deeply  covered  by  the  Arapahoe  or  Denver 
formations  or  the  Dawson  arkose. 

The  material  on  which  this  paper  is  based 
was  derived  from  many  sources.  Most  of  the 
original  material  on  which  Lesquereux  based 
his  studies  is  preserved  in  the  United  States 
National  Museum  and  has  been  freely  con- 
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suited.  It  was  collected  in  part  by  F.  V. 
Hayden  and  in  part  by  Lesquereux  or  by 
persons  in  correspondence  with  him.  The 
very  earliest  collection  made  by  Hayden,  at 
Marshall  in  1867,  is  apparently  lost.  The 
types  of  the  few  species  described  by  J.  S. 
Newberry  are  also  preserved  in  the  United 
States  National  Museum.  About  1884  an  im- 
portant collection  was  made  for  Newberry  by 
N.  L.  Brit  ton,  now  of  the  New  York  Botanical 
Garden.  The  larger  part  of  this  collection 
came  from  mines  near  Erie,  Colo.,  from  which 
no  additional  material  has  been  procured. 
Other  parts  of  this  collection  were  made  at 
Marshall  and  on  Coal  Creek.  All  this  material 
has  been  placed  at  my  disposal  by  Dr.  Arthur 
Hollick.  Considerable  collections  were  made 
by  Lester  F.  Ward  in  1883,  but  heretofore 
they  have  only  partly  been  described.  During 
the  prosecution  of  the  work  which  resulted  in 
the  publication  of  the  Denver  Basin  mono- 
graph, Emmons,  Cross,  and  Eldridge  obtained 
a  number  of  small  collections,  and  under  the 
instructions  of  Emmons  larger  and  important 
collections  were  made  by  Arthur  Lakes  and 
G.  L.  Cannon.  These  collections,  made  in 
1889  and  1890,  have  not  before  been  described. 
,A  small  collection  from  Crow  Creek,  near 
Greeley,  was  made  in  1896  by  T.  W.  Stanton 
and  me.  The  largest  collections  obtained  in 
recent  years  were  made  by  A.  C.  Peale  and  me 
in  1908.  The  material  in  the  museum  of  the 
University  of  Colorado,  at  Boulder,  has  been 
placed  at  my  disposal  by  the  custodian,  Judge 
Junius  Henderson.  Smaller  collections  or 
individual  specimens  have  been  commimi- 
cated  by  T.  D.  A.  Cockerell,  of  Boulder;  R.  D. 
George,  State  geologist  of  Colorado;  G.  L. 
Cannon,   of  Denver;   G.    B.   Richardson   and 


M.  I.  Goldman,  of  the  United  States  Geological 
Survey;  and  G.  I.  Finlay,  formerly  of  Colorado 
Springs.  Invaluable  data  regarding  the  sup- 
posed upper  part  of  the  Laramie  were  ob- 
tained by  W.  T.  Lee,  of  the  United  States 
Geological  Survey,  in  1915.  To  these  men  and 
all  others  who  have  contributed  to  this  study 
the  appreciation  of  the  writer  is  hereby  ex- 
pressed. 

Notwithstanding  the  fact  that  these  very 
considerable  collections  have  been  brought 
together,  the  flora  is  neither  large  nor  very 
impressive.  In  the  first  place,  although  plants 
are  widely  distributed  in  the  Ijaramie,  they 
are  rarely  found  in  any  great  abundance. 
The  matrix  in  which  they  occur  is  usually  a 
soft,  friable  sandstone  which  is  not  fitted  to 
retain  the  plant  impressions  with  fidelityrand, 
moreover,  it  is  difficult  to  find  perfect  speci- 
mens. In  attempting  to  present  as  complete  a 
picture  as  possible  of  the  plant  life  of  the 
time,  it  has  frequently  been  necessary  to 
characterize  forms  on  rather  slender  data.  It 
is  hoped,  however,  that  all  are  figured  and  de- 
scribed adequately  enough  to  be  recognizable 
in  the  future. 

A  word  should  be  said  concerning  the  two 
styles  of  plates  in  this  report.  Plates  XX- 
XXVIII  were  made  a  number  of  years  ago, 
when  it  was  the  custom  to  make  pen  drawings 
of  the  specimens.  These  were  drawn  on  an 
enlarged  scale,  requiring  a  one-third  reduction 
to  bring  them  to  natural  size.  The  figures  on 
Plates  I-XIX  were  photographed  natural 
size  and  merely  have  had  the  outlines  and 
nervation  strengthened.  The  impossibility  of 
having  the  two  styles  of  drawings  mixed  on 
the  same  plate  accounts  for  the  scattering  o( 
the  figures. 


Part  I.    HISTORICAL  REVIEW  OF  THE  LARAMIE  PROBLEM. 


EARLY  OPINIONS  CONCERNING  THE  COAL. 
REARING  ROCKS  OF  THE  ROCKY  MOUNTAIN 
REGION. 

As  this  report  is  the  firat  of  what  is  proposed 
to  be  a  short  series  of  p&pers  de&Uiig  with  the 
strstigTAphy  and  paleobotany  of  certain  late 
Cretaceous  and  early  Tertiary  formations  in  the 
Rocky  Mountain  region  it  is  thought  desirable 
to  present  rather  completely  a  historical  review 
of  opinion  which  led  to  the  establishment  of  the 
term  Laramie  and  to  its  subsequent  applica- 
tion. This  review  includes  not  onlj'  the  Lara- 
mie formation  in  its  typical  area  in  the  Denver 
Basin  of  Colorado,  hut  also  various  beds  at  one 
time  considered  to  be  of  Laramie  age.  For 
more  than  60  years  what  finally  came  to  be 
known  as  the  "Laramie  problem"  has  been 
more  or  less  of  a  storm  center  in  American 
geology.  Its  discussion  has  given  rise  to  an 
extensive  body  of  literature,  and  it  is  only 
within  the  last  decade  that  a  solution  has  been 
arrived  at  which,  at  least  to  me,  appears  to  be 
lo^cal  and,  it  is  hoped,  permanent. 

The  history  of  the  Laramie  formation,  as 
already  intimated,  is  long  and  complicated,  and 
the  literature  is  widely  scattered  through  a 
series  of  papers  and  reports  in  a  manner  that  is 
very  confusing  to  one  who  attempts  to  gain  a 
comprehensive  knowledge  of  it.  A  number  of 
articles  have  been  published  deahng  more  or 
less  completely  with  the  historical  develop- 
ment of  the  Laramie  problem.  One  of  the 
most  complete  for  its  time  was  that  by  Lester 
F.  Ward,'  published  in  1886.  Five  years  later 
C.  A.  White '  again  reviewed  the  subject  as  it 
finally  appeared  to  one  who  had  taken  a  large 
part  in  shaping  it,  and  in  1906  George  P.  Mer- 
rill *  devoted  a  special  chapter  to  the  I^aramie 
question,  which  he  ranked  with  the  well-known 
"Taconic  question."  The  "Index  to  the 
stratigraphy  of  North  America,"  by  Bailey 
Willis,'  also  contains  valuable  data  on  tho  Lara- 

■  Wird,  L.  F.,  SynapsU  oT  Ihe  flan  of  Ihe  Laramie  group:  U.S.  Gecil. 
SiiiT«T  Stxth  Ann.  Kept.,  pp.  3W-U7.  ISM. 

■WbiM,  C.  A.,  CamdaUon  papers— Creiareous:  IT.  B.  Oeoi.  Survay 
BuU.SI,INI. 

'MdTill,  O.  P.,  ConlnbuUona  to  the  hlitory  ol  Amerlran  jeolofy: 
V.  a.  Nat.  Uiu.  Kept,  lor  IM<,  pp.  MT-tSS,  IWe. 
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mie  formation,  especially  as  regards  certain  of 
the  later  phases  ot  opinion  regarding  it. 

Although  the  term  Laramie  first  appeared 
in  print  in  1875,  it  is  essential,  to  understand 
the  conditions  which  led  up  to  the  use  of  the 
term  and  made  it  necessary,  to  go  back  at 
least  as  far  as  1854,  the  date  which  marks  the 
beginning  of  F.  V.  Hayden's  explorations  in 
the  Missouri  River  region.     As  Ward  •  says: 

From  the  circumstance  that  at  nearly  all  places  where 
it  has  been  recognized  it  conaiBte  to  a  greater  or  leai  extent 
of  depoaita  of  lisnit«  or  coal.  thi«  condition  waa  for  a  time 
iD!!eparably  aaociated  with  it  to  such  an  ext«nt  that  there 
wan  a  dispodtioD  to  regard  all  the  Uimitic  depocita  ot  the 
Wert  as  belonging  to  the  aame  geological  tonnBtion. 

Prior  to  the  work  of  Hayden  the  presence 
of  coal  in  the  upper  Missouri  River  region  had 
been  noted  by  Lewis  and  Clark  in  1804-1806, 
by  Nicollet  in  1839,  by  Audubon  and  Harris 
in  1843,  and  by  John  Evans  in  1849  and  1853, 
but  very  little  was  recorded  by  these  observers 
concerning  the  geology.  In  1853  F.  B.  Meek 
and  F.  V.  Hayden  were  employed  by  James 
Hall,  then  and  for  many  years  thereafter 
State  geologist  of  New  York,  to  visit  the  bad- 
lands of  White  River  for  the  purpose  of  mak- 
ing collections  of  Cretaceous  and  Tertiary 
fossils  in  that  region.  They  brought  back 
extensive  collections  of  vertebrates  and  inver- 
tebrates, the  latter  especially  from  the  vicinity 
of  Sage  Creek  and  several  localities  on  Mis- 
souri River,  mainly  below  Fort  Pierre.  Sub- 
sequently Hayden  spent  two  years  in  explora- 
tion and  in  collecting  fossils  in  the  same  gen- 
eral region,  and  in  1S56  he  again  visited  this 
country  in  connection  with  an  expedition 
under  the  direction  of  Lieut.  G.  K.  Warren. 

The  data  acquired  on  these  expeditions  re- 
sulted in  the  publication  of  a  series  of  valu- 
able papers  in  the  paleontology  and  geology 
of  the  Missouri  River  region,  or  Nebraska 
Territory,  as  it  was  then  called.  The  first  of 
these  papers  was  written  by  Hall  and  Meek,' 
and  although  it  was  concerned  mainly  with 

•  Wild,  L.  F.,  Sympats  of  tha  Dora  o[  tbe  LaramT*  group:  U.  S.  Gaol. 
Survey  Sixth  Ann.  Kept.,  p.  40t,  ISM. 

'  Hall,  Jamrs,  and  Meek,  P.  B.,  DeacripUon  at  new  spsMa  ol  loulh 
Iroin  the  Crelanoua  lorniBtlon  of  Nebrailn.  etc.:  Am.  Acad,  Arts  ind 
Sd.  Mem.,  vol.  i,  pt.  2.  pp.  371MU,  ISU. 
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the  description  of  new  species  of  invertebrates 
it  contains  (p.  405)  a  geologic  section  under 
the  heading  '^Section  of  the  members  of 
the  Cretaceous  formation  as  observed  on  the 
Missouri  River  and  thence  westward  to  the 
Mauvaises  Terres."  The  stratigraphic  units 
of  this  section,  which  practically  correspond 
to  those  accepted  at  the  present  day,  were 
numbered  in  ascending  order  from  1  to  5, 
but  they  were  not  then  named.  Above  the  Cre- 
taceous portion  of  the  section  was  recorded 
the  Eocene  Tertiary,  which  was  given'  a 
maximum  thickness  of  250  feet. 

In  1856  the  elaboration  of  the  invertebrates 
was  continued  by  Meek  and  Hayden,'  who 
quoted  the  geologic  section  from  Hall  and 
Meek  without  change,  except  that  the  Tertiary 
was  given  a  thickness  of  400  to  600  feet  and 
was  said  to  be  composed  of  '^beds  of  clay^ 
sandstone,  lignite,  etc.,  containing  remains  of 
vertebrates  and  in  places  vast  numbers  of 
plants,  with  land,  fresh-water,  and  sometimes 
marine  or  estuary  Mollusca.''  As  regards  the 
Cretaceous  portion  of  the  section  they  stated: 

It  is  worthy  of  note  that  some  of  the  species  contained 
in  the  collection  from  the  most  recent  Cretaceous  beds  of 
the  upper  Missouri  country  appear  referable  to  genera 
which,  according  to  high  European  authority,  date  no 
further  back  than  the  true  chalk,  while  many  of  them  are 
closely  analogous  to  Tertiary  forms — so  close,  indeed, 
that  had  they  not  been  found  associated  in  the  same  bed 
with  AmmoniteSt  Soaphite9t  and  other  genera  everywhere 
regarded  as  having  become  extinct  at  the  close  of  the 
Cretaceous  epoch,  one  would  have  considered  them  Tertiary 
species. 

On  subsequent  pages  in  the  same  journal 
Leidy  •  began  the  pubUcation  of  the  results  of 
his  study  of  the  vertebrate  remains  from  the 
Judith  River  badlands.  He  did  not  discuss  the 
age  of  the  beds,  but  in  the  description  of , the 
final  species,  which  was  named  in  honor  of 
the  collector,  he  said:  ''This  species  is  named 
in  honor  of  Dr.  Hayden  *  *  *  and  which 
remains,  I  suspect,  indicate  the  existence  of  a 
formation  like  that  of  the  Wealden  of  Europe."*® 

•  Meek,  T.  B.,  and  Haydeti,  F.  V.,  Description  of  new  species  of  gastro- 
pods from  the  Cretaceous  formation  of  Nebraska  Territory:  Acad.  Nat. 
Sd.  Philadelphia  Pros.,  vol.  8,  p.  ft3, 1850. 

•  Leidy,  Joseph,  Notice  of  extinct  reptiles  and  fishes,  discovered  by 
Dr.  F.  v.  Hayden  in  the  badlands  of  the  Judith  River,  Nebraska  Terri- 
tory: Acad.  Nat.  Sd.  Philadelphia  Proc.,  vol.  8,  p.  72, 1856. 

*•  This  is  the  beginning  of  the  so-called  Judith  River  problem,  which 
is  considered  on  pp.  77-78  of  the  present  paper. 


In  their  second  paper  "  Meek  and  Hayden 
took  up  the  invertebrates  that  were  believed 
to  be  of  Tertiary  age  and  mcidentally  briefly 
described  the  lithology  and  areal  extent  of  the 
great  lignite-bearing  formation  ( =  Fort  Union) 
of  the  region  as  then  known  to  them.  They 
showed  that  it  occupies  a  vast  area,  ''chiefly 
between  the  forty-sixth  and  forty-ninth  paral- 
lels of  north  latitude  and  the  one  hundredth 
and  one  hundred  and  eighth  degrees  of  longi- 
tude.'' As  their  adumbrations,  even  in  this 
first  venture,  regarding  the  age  of  this  Ugnite- 
bearing  formation  are  so  nearly  in  accord  with 
the  modem  interpretation,  it  may  be  of  interest 
to  quote  their  statement  (p.  113)  in  full: 

Although  there  can  be  no  doubt  that  these  deposits  hold 
a  rather  low  position  in  the  Tertiary  system,  we  have  as 
yet  been  able  to  arrive  at  no  very  definite  conclusion  as 
to  their  exact  synchronism  with  any  particular  minor  sub- 
division of  the  Tertiary,  not  having  been  able  to  identify 
any  of  the  Mollusca  found  in  them  with  those  of  any  well- 
marked  geological  horizon  in  other  countries.  Their 
general  resemblance  to  the  fossils  of  the  Woolrich  and 
Reading  series  of  English  geologists,  as  well  as  to  those  of 
the  great  Lignite  formations  o{  the  southeast  of  France, 
would  seem  to  point  to  the  lower  Eocene  as  their  position. 

In  the  following  year,  however,  Hayden  ap- 
pears to  have  modified  his  opinion  regarding 
the  age  of  the  lignite-bearing  formations,  for  in 
a  short  paper  "  accompanying  a  colored  geo- 
logic map  of  the  country  bordering  Missouri 
River,  he  said,  in  discussing  the  *' Great  lignite 
deposit) '^ 

The  collections  of  fossils  now  obtained  show  most  con- 
clusively that  it  possesses  the  mixed  character  of  a  fresh- 
water and  estuary  deposit  and  that  it  can  not  be  older 
than  the  Miocene  period.  It  is  composed  mostly  of  clays, 
sands,  sandstones,  and  lignites  and  has  yielded  numerous 
animal  as  well  as  vegetable  fossils  of  great  perfection  and 
beauty.  It  is  chiefly  remarkable,  however,  for  the  evi- 
dence that  it  reveals  to  us  of  the  variety  and  luxuriance  of 
the  flora  of  that  period. 

In  a  paper  immediately  following  that  one 
Meek  and  Hayden  ^'  continued  the  description 

11  Meek,  F.  B.,  and  Hayden,  F.  V.,  Descriptions  of  new  species  of 
Acephala  and  Gastropoda  from  the  Tertiary  formations  of  Nebraska 
Territory,  with  some  general  remarks  on  the  geology  of  the  country 
about  the  source  of  the  Missouri  River:  Acad.  Nat.  Sci.  Philadelphia 
Proc.,  vol.  8,  p.  Ill,  1856. 

^s  Hayden,  F.  V.,  Notes  explanatory  of  a  map  and  section  illustrating 
the  geologic  structure  of  the  country  bwdering  on  the  Missouri  River, 
from  the  mouth  of  Platte  River  to  Fort  Benton:  Acad.  Nat.  Sci.  Phila- 
delphia Proc.,  vol.  9,  p.  109,  1857. 

»  Meek,  F.  B.,  and  Hayden,  F.  V.,  Description  of  new  species  and 
genera  of  fossils  collected  by  Dr.  F.  V.  Hayden  in  Nebraska  Territory, 
etc.:  Acad.  Nat.  8ci.  Philadelphia  Proc.,  vol.  9,  p.  117,  1857. 
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of  the  invertebrates  of  the  upper  Missouri  River 
region,  but  before  beginning  the  technical  part 
of  the  paper  they  again  went  over  the  geology 
of  the  region,  reaffirming  their  conclusion  that 
the  lignite-bearing  beds  are  of  Miocene  age. 

The  next  paper  of  importance  dealing  with 
the  geology  of  this  region  was  another  by 
Meek  and  Hay  den  ^^  published  in  1861.  In  a 
"general  section  of  the  Cretaceous  rocks  of 
Nebraska"  (p.  419)  the  stratigraphic  imits 
previously  known  only  by  number  first  re- 
ceived the  names  by  which  they  are  now  so 
widdy  recognized.    These  are  as  follows: 

No.  5= Fox  Hills. 
No.  4=Fort  Pierre. 
No.  3= Niobrara. 
No.  2=Fort  Benton. 
No.  1= Dakota. 

Meek  and  Hayden  also  presented  in  this 
paper  (p.  433)  the  first  complete  section  of 
Tertiary  rocks  of  the  upper  Missouri  River 
region,  given  in  the  following  sequence: 

Loup  River  beds. 

White  River  group. 

Wind  River  deposits. 

Fort  Union  or  Great  Lignite  group. 

As  we  are  concerned  in  the  present  connec- 
tion only  with  the  lower  of  these  divisions,  the 
others  may  be  passed  over.  Their  description 
of  the  Fort  Union  is  as  follows: 

Beds  of  clay  and  sand,  with  ferruginous  concretions  and 
numerous  beds,  seams,  and  local  deposits  of  lignite;  great 
numbers  of  dicotyledonous  leaves,  stems,  etc.,  of  the 
genera  PlatanuB,  Acer^  Ulmus,  Populus,  etc.,  with  very 
laige  leaves  of  fan  palms;  also  Helic,  Melania,  Vivipara, 
Corbictda^  Unio^  Oatrea^  Pholadorrvomya^  and  scales  of 
Ltpidotus,  with  bones  of  TVionyx,  Emys,  Compaemys, 
CroeodUuSj  etc.,  occupy  the  whole  country  around  Fort 
.Union,  extending  north  into  the  British  possessions  to 
unknown  distances,  also  southward  to  Fort  Clark.  Seen 
underneath  the  White  River  group  on  North  Platte  River. 
Also  on  west  side  of  Wind  River  Mountains. 

Their  conclusion  as  to  the  age  of  the  Fort 
Union  was  not  very  definite,  owing  largely  to 
the  difficulty  of  interpreting  the  somewhat 
conflicting  plant  and  invertebrate  evidence, 
but  the  facts  that  it  had  been  observed  beneath 
the  White  River  deposits  (regarded  by  them  as 
of  Miocene  age  but  now  assigned  to  the  Oligo- 
cene)  and  that  it  contains  certain  vertebrate 
remains  not  known  in  Europe  above  the  Eo- 

"  Meek,  F.  B.,  and  Hayden,  F.  V.,  Description  of  new  Lower  Silurian, 
Jurassic,  Cretaceous,  and  Tertiary  fossils,  collected  in  Nebraska,  •  •  ♦ 
with  some  remarks  on  the  rocks  from  which  they  were  obtained:  Acad. 
Nat.  Sci.  Philadelphia  Proc.,  vol.  13,  p.  415, 1861. 


cene  ''strengthen  the  impression  that  this  Fort 
Union  lignite  group  probably  represents  the 
Eocene  of  Europe." 

For  a  number  of  years  succeeding  the  publi- 
cation of  the  last-mentioned  paper,  or  during 
the  years  covered  by  the  Civil  War,  there  was 
little  scientific  activity  in  the  vast  and  then 
almost  unknown  Western  Territories,  but  in 
the  spring  of  1867  Hayden  secured  an  appro- 
priation from  Congress  for  the  geologic  inves- 
tigation of  Nebraska.  His  report  on  this 
area  ^*  was  submitted  from  the  field  on* July  1, 
1867.  In  this  he  quoted  without  change  the 
general  sections  of  the  Cretaceous  and  Tertiary 
rocks  of  Nebraska,  from  the  paper  of  1861, 
above  mentioned.  The  area  supposed  to  be 
covered  by  the  ''Fort  Union  or  Great  Lignite 
group"  was  greatly  extended,  occupying  not 
only  all  the  country  along  the  Missouri  from 
Heart  River  to  the  Musselshell,  most  of  the 
valley  of  the  Yellowstone,  and  northward  into 
the  British  possessions,  but  southward  as  far 
as  the  North  Platte  and  "coming  to  the  surface 
again  at  Pikes  Peak,  Colorado,  and  extending 
to  Raton  Pass,  in  New  Mexico."  The  coal  near 
Denver  and  Golden,  in  the  Denver  Basin,  as  well 
as  what  is  now  known  as  the  Canon  City  field 
and  thence  southward  to  the  Raton  Pass  dis- 
trict, was  considered  to  be  of  Tertiary  age,  and 
this  view  was  affirmed  the  following  year." 
In  Hayden's  third  annual  report,"  which  em- 
braced Colorado  and  New  Mexico,  the  area 
over  which  the  coal-bearing  rocks  are  dis- 
tributed was  greatly  extended.  "I  regard  all 
the  coal  beds  of  the  West  as  lower  Tertiary"  (p. 
189)  is  his  final  word  at  this  time. 

At  this  point  a  brief  review  may  be  given 
of  the  reasons  which  up  to  this  time  had  led 
Hayden  and  others  to  regard^ the  "Great 
Lignite  deposits"  of  the  West  as  of  Tertiary 
age.  These  beds  had  been  first  studied  in 
the  upper  Missouri  River  region,  where  their 
position  above  the  marine  Cretaceous  section 
was  plainly  marked.  Although  they  were  not 
known  to  be  separated  from  the  marine  Cre- 
taceous by  a  discordance  of  any  kind,  they 
were  obviously  above  it.  The  paleontologic 
evidence,    at  least   so   far   as   concerned    the 

"  Hayden,  F.  V.,  U.  S.  Geol.  Survey  Terr.  First  Ann.  Rept.,  pp. 
1-64. 1867:  reprint,  1873. 

1*  Hayden,  F.  V.,  Notes  on  the  lignite  deposits  of  the  West:  Am.  Jour. 
Sci.,  2d  ser.,  vol.  45,  p.  198, 1868;  U.  S.  Geol.  Survey  Terr.  Second  Ann. 
Rept.,  1868:  reprint,  1873. 

"  U.  8.  Geol.  Survey  Terr.  Third  Ann.  Rept.,  1869:  reprint,  1873. 
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vertebrates  and  invertebrates,  had  been  found 
somewhat  conflictmg,  though  it  favored  the 
Tertiary  side.  It  was  the  fossil  plants,  of 
which  great  numbers  were  foimd,  that  proved 
of  most  value  in  influencing  opinion.  The 
material,  especially  that  obtained  by  Hayden 
while  on  the  Rayjiolds  expedition  of  1859-60, 
was  studied  by  the  well-known  paleobotanist 
J.  S.  Newberry.  Although  Newberry^s  report 
was  evidently  prepared  and  submitted  as  early 
as  1867,  it  was  not  published  until  1869,  when 
it  appeared  as  an  appendix  to  Hayden's  ac- 
count of  the  geology."  Newberry  argued 
strongly  for  the  Tertiary  (Miocene)  age  of  the 
*'Fort  Union  or  Great  Lignite  series."  The 
preliminary  paper  in  which  the  Fort  Union 
plants  were  first  described  by  Newberry  was 
published  in  1868,"  though  the  final  publica- 
tion in  which  they  were  fully  described  and 
adequately  illustrated  was  not  pubhshed  until 
1898.»« 

.  The  fossil  plants  obtained  by  Hayden  in 
Colorado  and  Wyoming  in  1867  and  1868  were 
studied  by  Leo  Lesquereux,  and  his  prcUminary 
report  on  them  was  printed  in  the  form  of  a 
letter  to  Hayden."  They  included  plants  from 
the  Laramie  Plains,  Wyoming,  the  Denver 
Basin  of  Colorado,  and  the  Raton  Mountains 
of  southern  Colorado  and  northern  New 
Mexico.  Lesquereux  regarded  the  plants  from 
all  these  localities  as  of  Miocene  age,  a  con- 
clusion which  of  course  confirmed  Hayden  in 
his  opinion  held  at  that  date  (1869)  that  all 
the  coal  of  the  West  was  of  Tertiary  age. 

Up  to  this  time  there  had  apparently  been 
practical  unanimity  as  to  the  Tertiary  age  of 
the  lignite  series,  ''the  only  varying  evidence 
being  found  in  what  Dr.  Leidy  considered  the 
Wealden  type  of  the  Judith  River  vertebrates." 
The  first  dissenting  voice  to  this  general  current 
belief  appears  to  have  been  raised  by  John  L. 
Le  Conte,  who  had  accompanied  an  expedition 
for  the  survey  of  an  extension  of  the  Union 

"  HaydeD,  F.  V.,  Geological  report  of  the  exploration  of  the  Yellow- 
stone and  Missouri  rivers,  under  the  direction  of  Capt.  W.  F.  Raynolds, 
in  185^-60,  1860.  Newberry's  "Report  on  the  Cretaceous  and  Ter- 
tiary plants"  occupies  pp.  145-174. 

1*  Newb«Ty,  J.  S.,  Notes  on  the  later  extinct  floras  of  North  America, 
with  descriptions  of  some  now  species  of  fossil  plants  from  the  Cre- 
tareous  and  Tertiary  strata:  New  York  Lyceum  Nat.  Hist.  Annals, 
vol.  9,  pp.  1-76,  1868. 

••  Newberry,  J.  8.,  The  later  extinct  floras  of  North  America  (a  post- 
humous work,  edited  by  Arthur  HoUick):  U.  S.  Geol.  Survey  Mon. 
35, 1808. 

n  Am.  Jour.  Sci.,  2d  ser.,  vol.  45,  pp.  205-208, 1888;  reprinted  in  U.  S, 
Oeol.  Survey  Terr.  Third  Ann.  Rept.,  pp.  195-107,  1873. 


Pacific  Raihoad  from  Smoky  Hill  River,  Kans., 
to  the  Rio  Grande.  The  first  announcement 
is  an  extract  from  a  letter  dated  Fort  Craig, 
N.  Mex.,  October  3,  1867,  published  in  the 
American  Journal  of  Science  for  January, 
1868."  In  this  letter  he  stated  that  he  had 
been  enabled  to  make  an  examination  and 
determine  the  age  of  a  bed  of  anthracite  near 
Old  Placer  Mountain,  25  miles  southwest  of 
Santa  Fe,  N.  Mex.''  The  data  upon  which  the 
Cretaceous  age  was  predicated  were  not  given 
at  this  time  but  were  set  forth  in  his  full 
report "  published  later  in  1868.  At  a  num- 
ber of  localities,  but  notably  in  the  canyon  of 
Purgatoire  River  and  near  Trinidad,  he  found 
undoubted  Cretaceous  invertebrates  associated 
with  the  coal,  and  in  the  higher  beds  he  col- 
lected plants  which  Lesquereux  pronounced  of 
Tertiary  age.  Although  Le  Conte's  paper 
bears  date  of  February,  1868,  it  evidently  was 
not  published  on  that  date,  for  in  the  paper  he 
speaks  of  having  seen  Hayden 's  article  on 
''Lignite  deposits  of  the  West"  in  the  March 
number  of  the  American  Journal  of  Science  for 
that  year.  In  fact,  he  devotes  several  pages 
(pp.  65-68)  to  disproving  Hayden 's  contention 
that  all  the  coal  of  the  West  was  of  Tertiary 
age.  In  addition  to  studying  the  rocks  of  the 
Raton-Trinidad  area,  Le  Conte  made  a  journey 
from  Trinidad  to  Denver,  noting  the  coal  near 
Colorado  City  and  in  the  Denver  Basin  at 
Marshall,  Golden,  and  other  places.  All  this 
coal  he  considered  to  be  of  Cretaceous  age,  in 
spite  of  the  evidence  for  Tertiary  age  adduced 
by  Hayden  and  Lesquereux. 

Without  unduly  anticipating  it  may  be 
pointed  out  that  subsequent  study  in  the 
Raton-Trinidad  area  has  shown  that  both  Le 
Conte  and  Lesquereux  were  right — that  is, 
the  beds  which  yielded  the  Inoceramus  are  now 
known  to  be  separated  by  marked  uncon- 
formity from  those  above  which  supplied  most 
of  the  plants  studied  by  Lesquereux.  (See  pp. 
18-19.) 


»  Cretaceous  coal  in  New  Mexico:  Am.  Jour.  Sci.,  2d  ser.,  vol.  45,  p. 
136,1868. 

"  Two  years  later  F.  V.  Hayden  visited  this  region  and  reported  that 
the  coal  beds  were  above  Cretaceous  rocks  containing  OHrea  eongaiaf  0. 
larva,  Inoccramtu,  etc.  The  anthracite  he  explained  as  being  due  to 
the  presence  of  an  enormous  dike.  (See  Preliminary  field  report  of 
the  United  States  geological  survey  of  Colorado  and  New  Mexico  (U.  S. 
Geol.  Survey.  Terr.  Third  Ann.  Rept.],  pp.  66-«8, 1869.) 

X  Le  Conte,  J.  L.,  Notes  on  the  geology  of  the  siu'vey  for  the  extension 
of  the  Union  Pacific  RaUway  from  the  Smoky  Hill  River,  Kans.,  to  the 
Rio  Grande,  pp.  1-117, 1868. 
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In  1869  Cope  ^^  published  an  elaborate  paper 
on  American  fossil  vertebrates  in  which  he  laid 
the  foundation  at  least  for  a  possible  reference 
of  certain  of  the  localities  of  the  Missouri 
River  region  to  the  Cretaceous.  In  discussing 
hchyrosaurus  antiquum  Leidy  (p.  40),  which 
came  from  Moreau  River  in  what  is  now  South 
Dakota,  he  said  that  the  horizon  may  be  *' per- 
haps of  Cretaceous  age/'  and  under  Hadro- 
saumsf  occidentalis  Leidy  (p.  98)  he  recorded 
the  horizon  as  *'  ?  Cretaceous  beds  of  Nebraska, 
between  Moreau  and  Grand  rivers/'  In  the 
same  paper  he  refers  the  badlands  of  the  Judith 
River  to  the  upper  Jurassic. 

About  tliis  time  the  United  States  Geological 
Exploration  of  the  Fortieth  Parallel,  under  the 
direction  of  Clarence  King,  had  reached  that 
stage  of  its  work  which  permitted  the  publica- 
tion of  the  first  to  appear  of  its  final  reports.^® 
To  this  volume  King  contributed  a  number  of 
chapters,  among  them  one  on  the  geology  of 
the  Green  River  Basin  of  Wyoming,  in  which 
he  held  that  the  coal-bearing  strata  are  of 
Cretaceous  age  and  are  unconf ormably  overlain 
by  fresh-water  deposits  of  Tertiary  age.  On 
this  point  he  says  (p.  453) : 

Near  the  summit  of  the  9,000  feet  a  looser  texture  begins, 
and  this  change  is  rendered  very  noticeable  by  the  intro- 
duction of  beds  of  coal,  which  for  an  unknown  distance 
upward,  probably  several  thousand  feet,  reappear  through 
a  zone  of  constantly  changing  sand  and  mud  rocks.  The 
fossil  life,  which  clearly  indicates  a  Cretaceous  age  for  the 
deepest  members  up  to  and  including  the  first  two  or 
three  important  coal  beds,  from  that  point  gradually 
changes  with  a  corresponding  alternation  of  sediments, 
indicating  a  transition  to  a  fresh-water  period.  The  coal 
continued  to  be  deposited  some  time  aft^r  the  marine 
fauna  had  been  succeeded  by  fresh-water  types.  The 
species  of  fossils  are  in  no  case  identical  with  the  Cali- 
fornia Cretaceous  beds,  which  occupy  a  similar  geological 
position  on  the  west  of  the  Sierra  Nevadas.  Their  affinities 
decidedly  approach  those  of  the  Atlantic  slopes,  while  the 
fresh-water  species,  which  are  found  in  connection  with 
the  uppermost  coal  bods,  seem  to  belong  to  the  early  Ter- 
tiary period. 

Regarding  the  unconformable  relations  of 
the  beds  above  mentioned  to  the  overlying 
Tertiary,  he  said  (p.  455) : 

Whatever  may  be  the  relation  of  these  beds  in  other 
places,  it  is  absolutely  certain  that  within  the  region  lying 
between  the  Green  River  and  the  Wasatch  and  bounded 

on  the  south  by  the  Uintah  Range  there  is  no  single  in- 

___^ • 

**  Cope,  E.  D.,  Synopsis  of  the  extinct  Batrachia,  Reptilia,  and  Aves 
of  North  America:  Am.  Phllos.  Soc.  Trans.,  vol.  14,  pp.  1-252,  186^70. 

*  U.  8.  Geol.  Expl.  40th  Par.  Rept.,  vol.  3,  Mining  industry,  Wash- 
ington, 1S70. 


stance  of  conformity  between  the  coal  beds  and  the  hori« 
zontal  fresh-water  strata  above  them. 

This  same  chapter  contains  a  report  by  F.  B. 
Meek  on  the  fossil  invertebrates  of  the  region, 
in  which  he  made  the  following  guarded  state- 
ment: 

With  the  exception  of  the  genus  Inoceramus,  which  is 
certainly  represented  by  two  or  three  species,  and  perhaps 
Anchura.  all  of  these  fossils,  so  far  as  their  characters  can 
be  made  out.  appear  to  be  just  such  forms  as  might  be 
referred  with  about  as  much  propriety  to  the  Tertiary  as  to 
the  Cretaceous.  In  fact,  it  is  probable,  from  the  general 
absence  of  characteristic  Cretaceous  types  among  them 
(with  the  exceptions  mentioned)  that,  if  submitted  to 
almost  any  paleontologist  not  aware  of  the  fact  that  the 
specimens  of  Inoceramus  and  Anchura t  occurred  in  the 
same  beds,  the  whole  would  be  unhesitatingly  referred  to 
the  Tertiary.  *  ♦  *  From  all  the  facts  now  known,  I 
can  therefore  scarcely  doubt  that  you  are  right  in  referring 
these  beds  to  the  Cretaceous. 

In  this  report  Meek  also  discussed  the  age 
of  the  so-called  ^'Bear  River  Estuary^  beds/' 
a  series  of  fresh-water  beds  contiguous  to 
Bear  River  in  western  Wyoming  and  eastern 
Utah.  A  complete  historical  review  of  the 
Bear  River  controversy,  together  with  an 
enumeration  of  its  invertebrate  fauna,  was 
given  by  C.  A.  White  in  1895.'^  A  brief 
exposition  of  this  matter  will  be  found  on 
page  78  of  this  report. 

The  Fourth  Annual  Report  of  the  Geological 
Survey  of  the  Territories,  for  1870  (published 
in  1871),  was  devoted  to  Wyoming  and  por- 
tions of  contiguous  territories.  In  a  brief 
review  of  the  geology  of  the  Missouri  River 
region,  which  forms  Chapter  VII  of  this  report 
(pp.  85-98),  Hayden  again  insisted  upon  the 
Tertiary  age  of  the  *'Fort  Union  or  Great 
Lignitic,"  and  in  support  of  this  contention 
quoted  from  Newberry's  report  on  the  fossil 
plants  as  published  in  the  Ra3Tiolds  report 
already  mentioned.  (See  p.  6.)  That  Hay- 
den had  come  to  realize  the  possibility  that  the 
coaJs  of  the  West  might  not  all  be  of  Tertiary 
age  is  shown  by  the  following  remark  (p.  94) : 

The  area  which  it  [Fort  Union]  occujiies  is  not  yet 
known,  but  every  year  it  is  extended  north,  south,  and 
west.  It  is  also  characterized  by  numerous  beds  of  coal, 
or  lignite  as  it  was  formerly  called,  and,  so  far  as  the 
upper  Missouri  is  concerned,  most  of  the  coal  is  true 
lignite.  It  is  quite  probable  that  the  coal-making  period 
began  in  the  lat«r  portion  of  the  Cretaceous  era  and 
extended    up  into   the   Tertiary.     The   observations   of 


>7  White,  C.  A.,  The  Bear  River  formation  and  its  characteristic  fauna: 
U.  8.  Geol.  Survey  BuU.  128. 1895. 
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geologists  in  New  Mexico  and  Utah  point  to  the  conclusion 
that  large  deposits  of  excellent  coal  occur  in  the  upper 
Cretaceous. 

In  the  same  report  (p.  165)  in  discussing 
conditions  on  the  Laramie  Plains,  he  said: 

That  there  is  a  connection  between  all  the  coal  beds  of 
the  West  I  firmly  believe,  and  I  am  convinced  that  in  due 
time  that  relation  will  be  worked  out  and  the  links  in  the 
chain  of  evidence  joined  together.  That  some  of  the 
older  beds  may  be  of  upper  Cretaceous  age  I  am  prepared 
to  believe,  yet  until  much  clearer  light  is  thrown  upon 
their  origin  than  any  we  have  yet  secured  I  shall  regard 
them  as  belonging  to  my  transition  series  or  beds  of  passage 
between  the  true  Cretaceous  and  the  Tertiary. 

Lesquereux  also  contributed  a  short  paper 
to  this  same  report  in  which  (pp.  381-385)  he 
gave  a  list  of  all  the  supposed  Tertiary  plants 
of  the  region  known  at  that  date.  This  list 
includes  30  species  from  the  ''Eo-lignitic'' 
(now  Wilcox  formation)  of  Mississippi,  8 
species  from  the  Raton  Pass  region  (now 
Raton  formation)  of  New  Mexico  and  Colo- 
rado, 9  species  from  Marshall,  Colo,  (now 
Laramie  formation),  2  species  from  Golden, 
Colo,  (now  Denver  formation),  and  6  species 
from  Rock  Creek,  Laramie  Plains,  Wyo. 
(now  *'  Upper  Laramie  ") ." 

In  the  Fifth  Annual  Report  of  the  U.  S. 
Geological  Survey  of  the  Territories,  for  1871, 
which  was  published  in  1872,  Lesquereux  has 
a  long  report  on  new  plants  from  localities  in 
Wyoming  and  Montana,  all  of  which  he  con- 
sidered to  be  of  Tertiary  age.  He  also 
attempted  an  important  generalization  in 
dividing  the  several  localities  among  the 
stages  of  the  Tertiary.  ^  This  may  be  sirni- 
marized  as  follows : 

To  the  Eocene  he  referred  the  localities  of 
Mississippi  (*'Eo-lignitic");  of  Raton  Pass, 
Purgatoire  Canyon,  and  Marshall  mine,  near 
Denver,  Col.;  of  Washakie  Station,  Evanston 
both  above  and  below  the  coal,  and  Snake 
River  just  below  [south  of]  the  Yellowstone 
Park,  all  in  Wyoming;  and  6  miles  above 
Spring  Canyon,  Mont.  To  the  lower  Miocene 
he  referred  the  Fort  Union  and  Yellowstone, 
Mont.;  Rock  Creek,  Medicine  Bow,  Junction 
Station,  and  Carbon  Station,  Wyo.;  to  the 
middle  Miocene  Henrys  Fork,  Muddy  Creek, 
and  Barreirs  Springs,  Wyo.,  and  Elko  Station, 
Nev.     The  following  localities  were  not  at  this 

*i  With  the  exception  of  that  at  the  Marshall  locality,  all  the  collections 
above  enumerated  as  Tertiary  by  Lesquereux  are  accepted  as  such  at  the 
present  day,  though  for  some  of  them  it  has  required  40  years  to  establish 
the  truth  of  Lesquereux's  assignment. 


time  definitely  placed  stratigraphically:  Green 
River,  Point  of  Rocks,  Sage  Creek,  and  mouth 
of  Spring  Canyon. 

In  the  following  year  (1872)  Lesquereux 
himself  spent  several  months  in  the  study  of 
this  general  field,  imdertaken  at  the  direction 
of  Hayden,  as  he  somewhat  naively  remarks, 
with  the  ''view  of  positively  ascertaining  the 
age  of  the  lignite  formations,  either  from  data 
obtainable  in  collecting  and  examining  fossil 
vegetable  remains,  or  from  any  geological 
observations  which  I  should  be  able  to  make. " 

During  this  investigation  Lesquereux  visited 
and  collected  from  the  coal  fields  of  Marshall  and 
Golden  in  the  Denver  Basin,  Colorado  Springs, 
Canon  City,  Trinidad,  and  Raton,  and  also 
along  the  line  of  the  Union  Pacific  Railroad 
from  Cheyenne  to  Evanston,  Wyo.  His  re- 
sults ^  were  considered  as  confirmatory  of  his 
previous  conclusions,  namely,  that  the  beds  at 
these  localities  are  of  Tertiary  age  and  con- 
stitute what  he  called  the  American  Eocene 

The  same  year  Meek  and  Bannister,  who 
were  also  conducting  investigations  along  the 
line  of  the  Union  Pacific  Railroad,  made  a  dis- 
covery at  Black  Buttes  which,  in  the  opinion 
of  many,  had  a  very  definite  bearing  on  the 
age  of  the  coal  of  the  region.  This  was  the 
finding  of  the  remains  of  a  huge  dinosaur  which 
was  named  by  Cope  '^  AgatJiaumas  sylvestris. 
In  his  paper  Cope  said: 

From  the  above  description  it  is  evident  that  the  animal 
of  Black  Buttes  is  a  dinosaurian  reptile.  *  *  *  It  is 
thus  conclusdvely  proven  that  the  coal  strata  of  the  Bitter 
Creek  basin  of  Wyoming  Territory,  which  embraces  the 
greater  area  yet  discovered,  were  deposited  during  the 
Cretaceous  period,  and  not  during  the  Tertiary,  though 
not  long  preceding  the  latter. 

In  a  short  paper  published  later  in  the  same 
year  Cope,'*  in  commenting  on  the  discovery 
of  AgatJiaumas  J  said :  *'  This  discovery  places  this 
group  [the  so-called  Bitter  Creek  series]  without 
doubt  within  the  limits  of  the  Cretaceous 
period,  and  to  that  age  we  must  now  refer  the 
great  coal  area  of  Wyoming.'' 

In  commenting  on  the  age  of  the  '^Bitter 
Creek  series,"  as  the  beds  at  Black  Buttes  and 
vicinity  were  then  designated.  Meek'*  ex- 
'pressed  himself  with  extreme  caution,  saying: 

M  Lesquereux,  Leo,  Lignitic  formations  and  fossil  flora:  U.  S.  Qeol. 
Survey  Terr.  Sixth  Ann.  Rept.,  for  1872,  pp.  317-427, 1873. 

*o  Cope,  E.  D.,  On  the  existence  of  Dinosauria  in  the  transition  beds 
of  Wyoming:  Am.  Philos.  Soc.  Proc.,  vol.  12,  p.  481, 1872. 

*i  Cope,  E.  D.,  The  ge9logical  age  of  the  coal  of  Wyoming:  Am.  Natu- 
ralist,  vol.  6,  p.  609, 1872. 

"  Meek,  F.  B.,  U.  S.  Geol.  Survey  Terr.  Sixth  Ann.  Rept.,  for  1872, 
pp.  458,  461, 1873. 
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The  reptUian  remaiDB  found  at  Black  Butte,  near  the 
top  of  the  aeries,  have,  as  elsewhere  stated,  been  investi- 
gated by  Prof.  Ck)pe  and  by  him  pronounced  to  be  de- 
cidedly dinosaurian  and  therefore  indicative  of  Cretaceous 
age.  On  the  other  hand,  the  fossil  plants  from  the  same 
beds  have  been  studied  by  Prof.  Lesquereux,  who  informs 
me  that  they  are  unquestionably  Tertiary  types.  My  own 
investigations  having  been  confined  to  the  invertebrates, 
it  is  of  these  chiefly  that  I  will  speak  here.  In  the  first 
place,  it  will  be  seen  that  all  of  these  yet  known  belong  to 
a  few  genera  of  mollusks,  represented  by  12  or  14  species. 
And  just  here  it  may  be  stated  that,  although  partly  com- 
mitted in  favor  of  the  opinion  that  this  formation  belongs 
to  the  Cretaceous  and  still  provisionally  viewing  it  as 
.most  probably  such,  I  do  not  wish  to  di^;uise  or  conceal  the 
bet  that  the  evidence  favoring  this  conclusion  to  be  de- 
rived from  the  mollusks  alone,  as  now  known,  is  by  no 
means  strong  or  convincing.  The  genera  are  probably 
all  common  both  to  the  Cretaceous  and  Tertiary,  as  well 
as  to  the  present  epoch.  *  *  *  The  entire  absence 
among  the  fossils  yet  known  from  this  formation  of  Bacu- 
liteif  ScapkiUs,  AneyloeeraSt  Phychocerca^  Ammonites,  Qy- 
rodes,  Inoceramtu,  and  all  of  the  other  long  list  of  genera 
characteristic  of  the  Cretaceous  or  in  part  also  extending 
into  older  rocks,  certainly  leaves  its  molluscan  fauna  with 
a  strong  Tertiary  fades.  *  *  *  It  thus  becomes  mani- 
fest that  the  paleontological  evidence  bearing  on  the  ques- 
tion of  the  age  of  this  formation,  so  far  as  yet  known,  is  of 
a  very  conflicting  nature;  though  aside  from  the  dino- 
saurian, the  organic  remains  favor  the  conclusion  that  it  is 
Tertiary. 

It  is  plain  that  Meek  was  very  much  con- 
fused by  the  data  then  available,  especially  by 
the  invertebrates,  for  he  declared  in  another 
place  that  they  might  with  almost  equal  pro- 
priety be  referred  to  the  Tertiary  or  the  Cre- 
taceous, and  as  the  vertebrate  evidence  was 
interpreted  to  mean  imdoubted  Cretaceous, 
only  the  fossil  plants  were  left  to  sustain  im- 
falteringly  the  Tertiary  side  of  the  argument. 
It  was  immediately  pointed  out,  as  it  is  oc- 
casionally even  to  the  present  day,  that  the 
error  made  by  Oswald  Heer  in  referring  plants 
of  the  Dakota  "group''  to  the  Miocene ** 
weakened  the  evidence  of  fossil  plants  and  gave 
added  weight  to  the  dictum  of  the  vertebrate 
paleontologist,  namely,  that  the  presence  of 
dinosaurian  reptiles  in  a  formation  was  positive 
proof  of  Cretaceous  age.  Thus  Cope  was  so 
firmly  convinced  that  the  presence  of  Agathavr- 

*■  Those  who  are  interested  in  this  reference  of  the  Dakota  sandstone 
to  the  Miocene  may  be  instructed  by  reading  Lesquereux's  account  of  the 
conditioDS  under  which  the  error  was  made  (U.  8.  OeoL  Surv^  Terr. 
Sixth  Ann.  Bept.,  for  1872,  p.  343, 1873).  From  this  account  it  appears 
that  Heer  never  saw  specimens  of  the  Dakota  plants,  for  only  outline 
drawings  of  a  few  species  were  submitted  to  him.  They  were  mostly 
dicotyledonous  leaves  and  wholly  unlike  any  then  (1867)  known  ftom 
the  Cretaeeoua  of  Europe,  and  the  drawings  were  without  the  essential 
details  of  Dwatioii.  As  soon  as  the  specimens  themselves  were  seen  tqr 
Newberry  he  recognised  their  correct  characters. 


mas  at  Black  Buttes  proved  the  Cretaceous 
age  of  the  ''Bitter  Creek  series"  that  in  1874 
he  proceeded  to  refer  the  "Great  lignitic" 
of  the  upper  Missouri  to  the  same  period. 
In  discussing  the  age  of  certain  vertebrate- 
bearing  beds  in  northern  Colorado,  he  said :  •* 

Believing,  as  I  do,  that  the  evidence  derived  from  the 
vertebrate  remains  requires  the  reference  of  the  Bitter 
Creek  coal  series  to  the  Cretaceous  period,  and  having 
pointed  out  on  similar  grounds  that  the  horizon  of  the  Great 
Lignite  from  which  vertebrate  remains  have  been  procured 
on  the  Missouri  River  is  undoubtedly  Mesozoic,  although 
usually  regarded  as  Tertiary,  I  suspect  that  the  corre- 
sponding strata  in  Colorado  will  be  found  to  pertain  to  the 
same  section  of  geologic  time. 

In  another  bulletin  of  this  series  Cope** 
had  an  extensive  article  on  the  fossil  verte- 
brates then  recognized  from  the  Cretaceous  of 
the  West.  In  this  paper  vertebrates  from  the 
localities  on  Moreau  River  and  between  Moreau 
and  Grand  rivers,  S.  Dak.;  at  Long  Lake, 
N.  Dak.;  north  of  Big  Horn  River,  Mont.;  and 
in  Colorado,  now  mainly  referred  to  the  Lance 
formation,  he  for  the  first  time  definitely 
referred  to  the  Cretaceous.  In  alluding  to  the 
studies  of  the  flora  of  these  beds  by  Les- 
quereux and  Newberry,  he  said  (p.  16) : 

They  have,  as  is  well  known,  pronounced  this  whole 
series  of  formations  as  of  Tertiary  age,  and  some  of  the  beds 
to  be  as  high,  as  Miocene.  The  material  on  which  this 
determination  is  based  is  abundant,  and  the  latter  must  be 
accepted  as  demonstrated  beyond  all  doubt.  I  regard 
the  evidence  derived  from  the  mollusks  in  the  lower  beds, 
the  vertebrates  in  the  higher,  as  equally  conclusive  that 
the  beds  are  of  Cretaceous  age.  There  is,  then,  no  alter- 
native but  to  accept  the  result,  that  a  Tertiary  flora  wot 
contemporaneoiis  with  a  Cretaceous  fauna,  eetabliahing  an 
uninterrupted  succession  of  life  across  what  is  generally 
regarded  as  one  of  the  greatest  breaks  in  geologic  time. 

The  above  statement  by  Cope  has  often  been 
quoted  during  the  48  years  since  it  was  written, 
and  it  is  only  recently  that  its  converse — that 
tsf  that  a  faima  of  Cretaceous  type  may  be 
contemporaneous  with  a  Tertiary  flora — has 
been  admitted  as  even  possible. 

This  conclusion  was  further  elaborated  by 
Cope  in  Hayden's  annual  report  for  1873,  in  a 
paper  that  was  more  or  less  in  the  nature  of  a 
reply  to  the  article  by  Newberry  already  men- 

**  Cope,  E.  D.,  Report  on  the  stratigraphy  and  Pliocene  vertebrate 
paleontology  of  northern  Colorado:  U.  8.  Oeol.  and  Geog.  Survey  Terr. 
Bull.  [I8t  ser.],  No.  1,  p.  10. 1874. 

*•  Cope,  B.  D.,  Review  of  the  Vertebrata  of  the  Cretaceous  period  found 
Witt  of  the  Miaiinippi  Biver:  U.  8.  Geol.  and  Oeog.  Survey  Terr.  BulL 
[Ut  aQr.L  No.  9^  pp.  l-U,  1874. 
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tioned.  In  the  same  report  Marvine  ^  had  an 
elaborate  paper  on  the  results  of  his  studies  in 
Middle  Park,  Colo.,  in  which  he  considered 
among  many  other  things,  the  age  of  the 
lignite-bearing  formations  of  Colorado.  After 
alluding  to  the  weakness  of  the  invertebrate 
evidence  for  the  Cretaceous  age  and  the  ap- 
parent strength  of  the  evidence  derived  from 
the  terrestrial  vertebrates,  he  said : 

It  must  be  supposed,  then,  that  either  a  Cretaceous 
fauna  extended  forward  into  the  Eocene  period  and 
existed  contemporaneously  with  an  Eocene  flora,  or  else 
that  a  flora,  wonderfully  prophetic  of  Eocene  times,  antic- 
ipated its  age  and  flourished  in  the  Cretaceous  period  to 
the  exclusion  of  all  Cretaceous  plant  forms.  *  *  *  In 
either  case  the  fact  remains  that  here  the  physical  and 
other  conditions  were  such  that  one  of  the  great  kingdoms 
of  life,  in  its  progress  of  development,  either  lost  or  gained 
upon  the  other,  thus  destroying  relations  and  associations 
which  existed  between  them  in  those  regions  from  which 
were  derived  the  first  ideas  of  Life  boundaries  of  geologic 
time,  causing  here  apparent  anomalies. 

.  As  a  probable  explanation  of  these  apparent 
discreptocies,  Marvine  wisely  concludes  as 
follows:  *'Much  of  the  confusion  and  discrep- 
ancy has,  in  my  opinion,  arisen  from  regarding 
different  horizons  as  one  and  the  same  thing." 

In  his  report  for  1873  Lesquereux  had  a 
further  paper  on  the  ''Lignitic'^  flora  in  which 
he  of  course  argued  still  more  strongly  for  its 
Tertiary  age.  He  also  revised  -the  several 
''groups''  into  which  he  divided  the  section  of 
lignite-bearing  rocks  and  presented  full  lists  of 
the  species  of  plants  found  in  each. 

In  Hay  den's  original  description  of  the  Fort 
Union  formation  he  predicted  that  it  would  be 
found  extending  into  Canadian  territory,  and 
this  prediction  was  verified  ^n  1874  by  George 
M.  Dawson,*^  who  published  an  article  in  which 
he  accepted  the  views  of  Hayden  and  Les- 
quereux and  referred  the  Fort  Union  to  the 
Eocene.  In  discussing  the  views  of  Cope  h^ 
said : 

The  evidence  does  not  appear  to  show  that  the  Creta- 
ceous species  were  of  themselves  becoming  rapidly  extinct, 
but  that  over  the  western  region,  now  forming  part  of  this 
continent,  the  physical  conditions  changing  drove  the 
Cretaceous  marine  animals  to  other  regions,  and  it  is  im- 
possible at  present  to  tell  how  long  they  may  have  en- 
dured in  oceanic  areas  in  other  parts  of  the  world.  This 
being  so,  and  in  view  of  the  evidence  of  the  preponderant 
animal  and  vegetable  forms,  it  seems  reasonable  to  take 

w  Marvine,  A.  R.,  Report  of  the  Middle  Park  division:  U.  S.  GeDl. 
and  Geog.  Survey  Terr.  Ann.  Rept.  for  1873,  p.  107, 1874. 

>' Dawson,  O.  M.,  The  Lignite  formations  of  the  West:  Canadian 
Naturalist,  vol.  7,  p.  241, 1874. 


the  well-marked  base  of  the  Lignite  series  as  that  of  the 
lowest  Tertiary,  at  least  at  present.  The  formation  de- 
scribed belongs  to  this  lowest  Tertiary,  being,  in  fact,  an 
extension  of  Hayden 's  Fort  Union  group,  and  from  analogy 
may  be  called  Eocene. 

The  work  upon  which  Dawson  ^s  views  were 
based  was  done  in  connection  with  the  British 
North  American  Boundary  Commission,  of 
which  he  was  geologist.  In  a  report  of  progress 
for  1873,  published  in  1874,  he  affirmed  his 
original  statement  in  the  following  language  :*• 

The  formation  is,  however,  undoubtedly  an  extension 
of  the  Great  Lignite  or  Fort  Union  group  of  strata  of 
Hayden,  as  developed  in  the  Western  States  and  Terri- 
tories. ♦  ♦  «  These  strata  immediately  succeeding 
the  Cretaceous  rocks  are  the  lowest  American  representa- 
tives of  the  Tertiary  series  and  have  been  called,  for  this 
reason.  Eocene. 

In  the  final  report  of  the  Boundary  Commis- 
sion, published  in  1875,  the  same  views  were 
expressed. 

About  this  time  John  J.  Stevenson,  who  was 
then  associated  with  the  Wheeler  Survey, 
published  a  number  of  papers  on  the  geology 
of  portions  of  Colorado  and  New  Mexico  in 
which  he  argued  strongly  for  the  Cretaceous 
age  of  the  lignite-bearing  beds,  especially  along 
the  Front  Range.  In  a  chapter  on  the  age  of 
the  Colorado  lignites '•  he  reviewed  the  opinions 
of  Hayden,  Lesquereux,  and  others  and  con- 
cluded that  the  presence  of  the  supposed 
fucoid  Halymenites  major  was  an  indication 
of  Cretaceous  rather  than  Eocene  age,  as 
advocated  by  Lesquereux.  Subsequent  study 
has  shown  that  Stevenson  was  correct  in 
referring  the  beds  containing  Halymenites  to 
the  Upper  Cretaceous,  but  he  failed  to  note 
the  presence  of  the  profound  unconformity 
that  has  since  been  demonstrated  by  Whitman 
Cross  and  W.  T.  Lee  to  occur  in  the  midst  of 
this  supposedly  continuous  coal-bearing  section. 

In  the  annual  report  of  the  Hayden  Survey 
for  1874,  published  in  1876,  there  are  three  very 
important  papers  dealing  more  or  less  com- 
pletely with  this  subject.  The  first  of  these  is 
one  by  Hayden,  in  which  he  summed  up  his 
understanding  of  the  lignite  group  at  that  date. 
He  gave  a  brief  history  of  the  group  and 
pointed  out  that  the  evidence  for  its  age,  as 
interpreted  by  different  geologists  and  paleon- 
tologists, is  very  conflicting.     He  said : 

**  Dawson,  O.  M.,  Report  on  the  Tertiary  Lignite  formation  in  the 
vicinity  of  the  49th  parallel,  British  North  Am.  Boundary  Com.,  1874. 

*•  U.  8.  Geog.  and  Geol.  Surveys  W.  100th  Mer.  Kept.,  Till.  Z,  pp. 
404-410,  1875. 
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One  fruitful  source  of  difference  of  opinion  has  been  in 
the  misunderstanding  in  regard  to  the  different  horizons 
of  coal  strata  of  the  West.  That  there  are  important  coal 
beds  in  rocks  of  well-defined  Cretaceous  age  can  not  be 
disputed,  and  I  have  long  since  yielded  that  point. 
What  we  wish  to  show  more  clearly  is  that  there  exists  in 
the  West  a  distinct  series  of  strata  which  we  have  called 
the  lignite  group,  and  that  it  is  entirely  separate,  paleon- 
tologically  and  geologically,  from  a  great  group  of  strata  in 
the  lower  Cretaceous,  and  perhaps  extending  down  into 
the  Jurassic,  which  contains  a  great  number  of  thick  and 
valuable  beds  of  coal.  It  is  not  necessary  to  discuss  the 
question  whether  the  term  Lignitic  shall  be  applied  to  the 
coal  of  either  or  both  groups.  I  have  used  the  term 
Lignitic  for  the  upper  group  without  reference  to  the 
quality  of  its  fuel,  simply  to  distinguish  it  from  the  other 
great  groups  of  older  date,  the  ages  of  which  are  not 
questioned. 

From  the  above  statement  it  is  clear  that 
Ilayden  was  entirely  willing  to  admit  the  exist- 
ence of  coal  in  the  Cretaceous  of  the  Rocky 
Mountain  region,  and  from  this  it  of  course 
followed  that  the  term  *' Lignitic'*  was  not  ap- 
plicable to  all  the  coal-bearing  strata;  in  fact, 
he  distinctly  stated  that  the  term  was  to  be 
applied  only  to  the  upper  coal-bearing  series. 
He  still  argued,  however,  for  the  connection  of 
the  coal-bearing  beds  of  the  Laramie  Plains 
and  Colorado  with  the  vast  group  to  the 
northwest. 

The  same  report  contained  a  long  paper  by 
A.  C.  Peale  on  the  geology  of  portions  of 
Colorado,  in  which  he  presented  a  series  of 
tables  illustrating  the  progress  of  opinion 
regarding  the  ''Lignitic  group.''  He  dis- 
cussed the  different  opinions  at  length  and 
reached  the  following  conclusions: 

1.  The  lignite-bearing  beds  east  of  the  mountains  in 
Colorado  are  the  equivalent  of  the  Fort  Union  group  of 
the  upper  Missouri  and  are  Eocene  Tertiary;  also,  that  the 
lower  part  of  the  group,  at  least  at  the  locality  200  miles 
east  of  the  mountains,  is  the  equivalent  of  a  part  of  the 
lignitic  strata  of  Wyoming. 

2.  The  Judith  River  beds  have  their  equivalent  along 
the  eastern  edge  of  the  mountains  below  the  Lignite  or 
Fort  Union  group  and  also  in  Wyoming  and  are  Cretaceous, 
although  of  a  higher  horizon  than  the  coal-bearing  strata 
of  Coalville  and  Bear  River,  Utah.  They  form  either  the 
upper  part  of  the  Fox  Hills  group  (No.  5)  or  a  group  to  be 
called  No.  6. 

Also  in  this  report  for  1873  Lesquereux  had 
an  extensive  paper  imder  the  title  "On  the 
Tertiary  flora  of  the  North  American  Lignitic, 
considered  as  evidence  of  the  age  of  the  for- 
mation/' .  He  again  took  up  the  objections  that 
had  been*  tuged  against  his  interpretation  and 


answered  each  in  detail  as  the  evidence  appeared 
to  him.  '  His  opinion  remained  unchanged. 

The  historical  review  of  opinion  which  pre- 
ceded the  introduction  of  the  term  Laramie  has 
now  been  presented  in  sufficient  detail  to  make 
clear  the  necessity  for  a  convenient,  usable, 
common  appellation.  Those  who  had  ap- 
proached the  subject  from  a  study  of  the 
northern  areas — that  is,  of  the  upper  Missouri 
River  region  and  contiguous  territory — were 
naturally  impressed  with  the  strength  of  the 
argument  for  the  Tertiary  age  of  the  lignite- 
bearing  beds,  while  those  who  had  first  become 
familiar  with  the  more  southern  areas  were 
quite  as  strongly  of  the  opinion  that  the  beds 
they  studied  were  of  Cretaceous  age.  Sub- 
sequent study  has  shown  that  both  these  views 
contained  a  measure  of  truth. 

As  A.  C.  Peale  was  at  that  time  actively  en- 
gaged in  geologic  work  in  the  Rocky  Mountain 
area,  his  recollection  of  the  conditions  then 
current,  as  set  forth  in  a  recent  article,*®  is  of 
interest: 

As  a  member  of  the  Hayden  Geological  Survey  at  the 
time  the  term  '^Laramie"  was  first  proposed  and  used  by 
both  the  Hayden  and  King  organizations,  and  as  one  of 
those  who  first  used  it,  a  statement  of  my  recollection 
may  be  of  some  interest  here.  Just  at  the  time  the  work 
of  the  Exploration  of  the  Fortieth  Parallel,  under  Clarence 
King,  was  approaching  completion,  and  their  geologic 
maps  were  being  colored,  the  work  of  the  United  States 
Geological  and  Geographical  Survey  of  the  Territories  had 
also  reached  the  stage  when  it  became  necessary  to  color 
the  maps  of  Colorado,  upon  which  field  work  was  begun 
in  1873  and  finished  in  1876.  As  two  of  the  maps  of  the 
former  organization  adjoined  the  work  of  the  Hayden 
Survey  along  the  northern  line  of  Colorado,  it  was  deemed 
desirable  that  there  should  be  some  correlation,  in  terms 
at  least,  where  the  work  joined.  There  was  substantial 
agreement  as  to  most  of  the  formations,  about  the  only 
difference  being  as  to  the  age  of  the  beds  resting  con- 
formably upon  the  Fox  Hills  Cretaceous  of  Hayden  as 
exposed  along  the  line  of  the  Union  Pacific  Railway  and 
to  the  westward  of  the  foothills  of  the  Front  Range  of 
Colorado,  where  they  were  usually  designated  by  Hayden 
and  the  members  of  his  Survey  as  the  Lignitic  beds  of 
eastern  Colorado  or  the  lignitic  coal  group  of  the  eastern 
slope.  These  beds  were  considered  by  King  to  be  of 
Cretaceous  age,  while  Hayden  was  inclined  to  consider 
them  as  belonging  to  the  Tertiary.  At  this  time  Clarence 
King  wrote  to  Dr.  Hayden  asking  him  to  propose  a  name 
for  these  debatable  beds — debatable  only  as  to  age,  for 
both  agreed  as  to  their  stratigraphic  position.  In  reply  to 
this  letter  Hayden  suggested  the  name  Laramie,  which 
was  accepted  by  King,  as  indicated  by  him  on  page  331 

40  Peale,  A.  C.  On  the  application  of  the  term  Laramie:  Am.  Jour. 
Sci.,  4th  ser.,  vol.  27,  p.  45,  July,  1909. 
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of  the  volume  on  systematic  geology,**  where  he  says: 
'^  During  the  slow  gathering  of  the  evidence  which  shall 
finally  turn  the  scale  I  proposed  to  Dr.  Hayden  that  we 
adopt  a  common  name  for  the  group  and  that  each  should 
refer  it  to  whatever  age  his  data  directed.  Accordin^y, 
it  was  amicably  agreed  between  us  that  this  series  should 
receive  the  group  name  of  Laramie  and  that  it  should 
be  held  to  include  that  series  of  beds  which  conformably 
overlies  the  Fox  Hills.  *' 

It  may  be  of  interest  to  point  out  that,  so 
far  as  now  known,  the  word  Laramie  used  as 
a  geologic  formational  term  first  appeared  in 
an  author's  proof  of  geologic  map  No.  II  of  the 
Fortieth  Parallel  Survey,  by  Clarence  King 
and  S.  F.  Emmons.  This  map  was  dated 
November  15,  1875,  and  was  noticed  in  the 
American  Journal  of  Science  for  February, 
1876,  but  in  neither  place  was  there  any 
definition  of  the  term.  The  first  printed 
description  of  the  Laramie  was  apparently 
that  given  by  Arnold  Hague  **  in  volume  2  of 
the  final  reports  of  the  Fortieth  Parallel  Survey, 
in  which  he  presented  a  very  small  and  rela- 
tively unimportant  section  that  claims  dis- 
tinction only  on  the  ground  that  it  was  the 
first  section  ever  published  of  the  Laramie. 
It  was  measured  on  the  Denver  Pacific  Rail- 
road 5  or  6  miles  ,west  of  Carr  station  and  about 
18  miles  southeast  of  Cheyenne,  Wyo.  Peale  *" 
stated  that  ''this  section,  if  any  should  be  so 
considered,  would  be  the  typical  Laramie 
section." 

Hayden  first  used  the  term  Laramie  in  an 
article  published  in  1877.^  In  this  article  he 
followed  the  coloring  on  King's  map  above 
mentioned,  which  he  imdoubtedly  had  before 
him  at  the  time. 

King  and  the  members  of  his  Survey  frankly 
and,  as  he  says,  ''cheerfully"  adopted  the 
classification  and  nomenclature  of  the  Upper 
Cretaceous  section  as  defined  by  Hayden. 
After  describing  the  Cretaceous  rocks  of  their 
area  up  to  and  including  the  Fox  Hills,  King 
said  :** 

Here,  with  those  who  follow  Hayden,  the  Cretaceous 
series  comes  to  an  end.  Conformably  over  this  (Fox  Hill) 
lies  the  group  which  Hayden  and  I  have  agreed  to  call  the 
Laramie,  which  is  his  Lignitic  group  and  is  considered  by 
him  as  a  transition  member,  between  Cretaceous  and 

«i  U.  S.  Qeol.  Expl.  40th  Par.  Kept.,  vd.  1, 1878. 

n  Idem,  vol.  2,  pp.  60, 61, 1877. 

^  Am.  Jour.  Sd.,  4th  ser.,  vol.  27,  p.  49, 1909. 

**  Notes  on  some  artesian  borings  along  the  line  of  the  Union  Pacific 
Railroad  in  Wyoming  Territory:  U.  8.  Qeol.  and  Qeog.  Survey  Terr. 
BuU.,  vol.  3,  pp.  181-185,  April  5, 1877. 

«•  U.  8.  Qeol.  Expl.  40th  Par.  Kept.,  vol.  1,  p.  348, 1878.. 


Tertiary.  There  is  no  difference  between  us  as  to  the 
conformity  of  the  Laramie  group  with  the  underlying 
Fox  Hill.  It  is  simply  a  question  of  determination  of  age 
upon  which  we  differ. 

King  was  in  error,  however,  in  stating  that 
the  Laramie  was  the  equivalent  of  Hayden's 
Fort  Union  "group,"  or  indeed  that  it  included 
all  of  the  so-called  LigAitic,  and  it  was  un- 
doubtedly the  assumption  by  subsequent 
writers  that  this  was  so  that  led  to  much  of 
the  discussion  and  difference  of  opinion  that 
speedily  arose.  Hayden's  last  published  word 
on  this  point  ^  occurs  in  the  letter  transmitting 
Lesquereux's  "Tertiary  flora"  to  the  Secre- 
tary of  the  Interior  and  is  as  follows; 

If  objection  is  made  to  the  use  of  the  term  '* Lignitic" 
group,  I  would  say  that  in  this  work  it  is  restricted  to  a 
series  of  coal-bearing  strata  lying  above  the  Fox  Hills 
group,  or  Upper  Cretaceous,  and  these  are  embraced  in 
the  divisions  Laramie  and  Fort  Union  groups.  It  is  well 
known  that  there  are  in  various  parts  of  the  West,  espe- 
cially along  the  fortieth  parallel  and  south  westward,  very 
thick  beds  of  coal  in  the  various  divisions  of  the  Cre- 
taceous, extending  down  even  into  the  upper  Jurassic. 
Had  this  not  been  the  case,  the  more  general  term  Lignitic 
would  not  have  been  retained  by  the  Survey  in  preference 
to  any  other. 

On   the  succeeding  page  of   this  letter  he 

sunmied  up  his  conclusion  in  the  following 

words: 

The  facts  as  we  understand  them  at  the  present  time 
would  seem  to  warrant  this  general  division,  viz,  a  marine 
series,  Cretaceous;  gradually  passing  up  into  a  brackish- 
water  series,  Laramie;  gradually  passing  up  into  a  purely 
fresh- water  series,  Wasatch.  It  is  also  probable  that  the 
brackish-water  beds  on  the  upper  Missouri  must  be  corre- 
lated with  the  Laramie,  and  that  the  Wasatch  group  as 
now  defined  and  the  Fort  Union  group  are  identical  as  a 
whole,  or  in  part  at  least. 

The  Laramie  was  by  that  time  fairly 
launched,  and  the  literature  devoted  to  it  be- 
came increasingly  voluminous  and  scattered. 
It  is  not  possible  nor  perhaps  desirable  in  the 
present  connection  to  follow  all  the  intricate 
ramifications  of  the  discussion,  and  only  an 
outline  of  the  salient  features  will  be  attempted. 
The  two  points  that  attracted  most  attention 
were  the  areal  distribution  of  the  Laramie  and 
of  course  its  age.  As  so  frequently  happens 
in  discussions  of  this  kind,  the  pendulum  when 
once  started  was  permitted  to  swing  too  far, 
with  the  result  that  beds  were  included  in  the 
Laramie  that  subsequent  study  has  proved 
have  little  or  no   intimate   connection  with 

«•  U.  8.  Geol.  Survey  Terr.  Kept.,  vol.  7,  p.  Iv,  1878. 
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this  formation,  at  least  on  the  basis  of  the 
original .  definition  by  King.  Some  phases  of 
this  history  will  be  set  forth  in  the  following 
pages. 

One  of  the  first  to  take  up  the  study  of  the 
Laramie  from  both  the  geologic  and  the  pale- 
ontologic  sides  was  Charles  A.  White.  In  the 
first  paper  in  which  he  employed  the  term 
Laramie  *''  the  use  was  relatively  unimportant 
and  the  term  was  not  defined.  He  gave  two 
generalized  sections — one  of  the  Green  River 
region,  in  which  he  placed  the  Laramie  in  its 
proper  position  between  the  Fox  Hills  and  the 
Wasatch  beds,  and  within  the  larger  grouping 
of  post-Cretaceous,  which  also  includes  the 
lower  part  of  the  Wasatch;  and  the  other  of  the 
upper  Missouri  River  region,  in  which  the 
Laramie  was  not  included  but  its  place  was 
taken  by  the  Judith  River  *^group,''  while  the 
post-Cretaceous  was  made  to  include  this  and 
a  portion  of  the  overlying  Fort  Union. 

Whitens  reasons  for  regarding  the  Laramie  as 
post-Cretaceous  were  set  forth  in  the  fifth  of 
his ^^Paleontological papers^'  *^  published  in  the 
same  volume  as  the  paper  just  cited.  He  said 
that  all  who  had  examined  the  fossils  from  the 
Dakota,  Colorado,  and  Fox  Hills  deposits  as 
they  are  developed  in  southern  Wyoming  and 
adjacent  parts  of  Utah  and  Colorado,  whether 
vertebrate  or  invertebrate,  would  not  question 
their  Cretaceous  age.  The  fossils  of  the  Green 
River  and  Bridger  strata  were  said  to  disclose 
equally  conclusive  evidence  of  their  Tertiary 
age.  He  went  on  to  say  that  the  two  groups 
of  beds  between  the  Fox  Hills  below  and  the 
Green  River  above  are  the  Laramie  and 
Wasatch,  and  that-  somewhere  within  these 
vertical  limits  must  come  the  lino  between 
Cretaceous  and  Tertiary.     He  then  continued: 

With  a  few  doubtful  exceptions,  none  of  the  strata  of 
the  Laramie  group  were  deposited  in  open- sea  waters; 
and  with  equally  few  exceptions,  none  have  yet  furnished 
invertebrate  fossils  that  indicate  the  Cretaceous  rather 
than  the  Tertiary  age  of  the  group.  *  *  *  Again,  the 
brackish  and  fresh  water  types  of  MoUusca  that  are  afforded 
by  the  I-Aramie  and  the  lower  portions  of  the  Wasatch 
group  are  in  most  cases  remarkably  similar,  and  some  of 
the  species  of  each  group  respectively  approach  each 
other  so  nearly  in  their  characteristics  that  it  is  often 


*'  Catalogue  of  the  invertebrate  fossils  hitherto  published  from  the 
fresh  and  brackish  water  deposits  of  the  western  portion  of  North 
America:  U.  S.  Oeol.  and  Gec^.  Survey  Terr.  Bull.,  vol.  3,  pp.  607-614, 
May  15,  1877. 

« Idem,  pp.  625-629. 
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difficult  to  say  in  what  respect  they  materially  differ. 
Moreover,  they  give  the  same  uncertain  indication  as  to 
their  geological  age  that  all  fossils  of  fresh  and  brackish 
water  origin  are  known  to  do. 

It  is  in  view  of  the  facts  here  stated,  and  also  because 
I  believe  that  a  proper  interpretation  of  them  shows  the 
strata  of  the  Laramie  group  and  the  base  of  the  Wasatch 
to  be  of  later  date  than  any  others  that  have  hitherto 
been  referred  to  the  Cretaceous,  and  also  earlier  than  the 
Eocene  epoch,  that  I  have  decided  to  designate  those 
strata  as  pt)st-Cretaceous,  at  least  provisionally. 

In  the  annual  report  of  the  Hayden  Survey 
for  1876,  published  in  1878,  White  presented 
in  a  lengthy  paper  the  results  of  his  field 
studies  in  Colorado  for  the  years  1876  and 
1877.  He  still  retained  the  term  post-Cre- 
taceous for  the  Laramie  and  in  an  instruc- 
tive table  (p.  22)  showed  that  he  regarded  it 
as  the  equivalent  of  the  Laramie  of  King, 
the  Point  of  Rocks  group  of  Powell,  and  the 
Lignitic  of  Hayden.     He  defined  it  as  follows: 

The  fact  that  this  series  passes  insensibly  into  the  Fox 
Hills  group  below  and  into  the  Wasatch  group  above 
renders  it  difficult  to  fix  upon  a  stratigraphical  plane  of 
demarcation,  either  for  its  base  or  summit.  I  have  there- 
fore decided  to  regard  this  group  as  essentially  a  brackish- 
water  one,  referring  all  strata  below  that  contain  any 
marine  Cretaceous  invertebrate  forms  to  the  Fox  Hills 
group,  beginning  this  series  with  those  strata  that  con- 
contain  brackish  and  fresh  water  forms,  and  ending  it 
above  with  those  strata  in  which  the  brackish-water 
forms  finally  cease.  Thus  defined,  the  whole  series  seems 
to  form  one  natural  paleontological  group,  as  well  as  to 
be  a  sufficiently  distinct  stratigraphical  one,  for  which  I 
have  adopted  the  name  of  Laramie  group  of  King. 

The  term  post-Cretaceous  was  also  employed 
by  Endlich  *•  in  his  report  on  the  White  River 
area  of  Colorado,  and  by  Peale  ^°  in  his  work 
in  the  Grand  (now  Colorado)  River  region. 

The  application  of  the  term  Laramie  was 
carried  farther  and  farther  afield,  until  ulti- 
mately it  was  made  to  include  a  vast  area  in 
the  Rocky  Mountain  region.  When  the  term 
was  first  proposed  by  King  no  type  locality 
was  mentioned  but  it  was  expressly  stated  to 
include  the  lignite-bearing  beds  lying  con- 
formably above  the  Fox  Hills  along  the  Front 
Range  in  northern  Colorado  and  along  the 
west  side  of  the  range  in  eastern  and  central 
Wyoming.  The  term  was  immediately 
accepted,  though  with  reservations  as  to  the 
age  represented,  by  the  members  of  the  Hayden 

«  U.  S.  Geol.  and  Geog.  Survey  Terr.  Tenth  Ann.  Rept.,  for  1876, 
pp.  77,  109, 1878. 
» Idem,  p.  181. 
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Survey,  who  extended  its  application  to  west- 
em  Colorado  and  adjacent  areas.  After  the 
death  of  Meek  the  mantle  of  invertebrate  pale- 
ontologic  work  fell  largely  upon  the  shoulders  of 
C.  A.  White,  and  he  had  a  large  part  in  extend- 
ing the  application  of  the  Laramie.  In  the 
seventh  of  his  '*  Paleontological  papers'*"  he 
gave  the  following  range  for  Laramie  as  he  then 
accepted  it: 

The  tenn  Laramie  group  is  here  used  to  include  all  the 
strata  between  the  Fox  Hills  group  of  the  Cretaceous 
period  beneath  and  the  Wasatch  group  (==  Vermillion 
Creek  group  of  King)  of  the  Tertiary  above.  That  is,  it 
includes,  as  either  subordinate  groups  or  regional  divisions, 
both  the  Judith  River  and  Fort  Union  series  of  the  upper 
Missouri  River;  the  Lignitic  series  east  of  the  Rocky 
Mountains  in  Colorado;  the  Bitter  Creek  series  of  southern 
Wyoming  and  the  adjacent  parts  of  Colorado;  and  also 
the  "Bear  River  Estuary  beds,"  together  with  the  Evan- 
ston  coal  series,  of  the  valley  of  Bear  River  and  adjacent 
parts  of  Utah.  Strata  of  this  great  Laramie  group  are 
known  to  exist  in  other  large  and  widely  separated  dis- 
tricts of  the  western  portion  of  the  national  domain. 

Later  the  Laramie  was  believed  by  White  to 
have  been  recognized  as  far  south  as  the  States 
of  Chihuahua,  Coahuila,  and  Nuevo  Leon, 
in  northern  Mexico.  It  was  also  adopted  by 
the  Canadian  geologists  and  shown  by  them  to 
extend  over  a  vast  area  in  the  British  posses- 
sions. In  fact,  as  late  as  1891,  after  a  number 
of  important  horizons  had  been  removed  from 
the  confines  of  the  Laramie,  White  "  gave  the 
following  as  the  recognized  distribution  of  the 
formation: 

The  present  geographical  outlines  of  the  area  within 
which  strata  of  this  formation  occur  are  not  yet  weU  known, 
but  it  apparently  is  as  great  as  that  within  which  any  other 
North  American  formation  has  been  observed.  Their 
presence  has  been  recognized  at  so  many  and  such  widely 
separated  localities  that  they  safely  may  be  assumed  to 
once  have  formed  a  continuous  deposit  from  near  the 
twenty-sixth  to  near  the  fifty-fifth  parallel  of  north  latitude 
and  in  certain  districts  from  near  the  one  hundred  and 
third  to  near  the  one  hundred  and  fifteenth  meridian. 
That  is,  it  is  evident  that  this  formation  originally  con- 
sisted of  a  continuous  deposit  nearly  or  quite  2,000  miles 
long  from  north  to  south,  and  more  than  500  miles  across 
from  east  to  west. 

The  structural  and  lithologic  character  of 
the  Laramie  as  it  was  then  (1891)  accepted  was 
well  set  forth  by  White,**  who  wrote  as  follows: 

>^  White,  C.  A.,  On  the  distribution  of  moUiucan  species  in  the  Laramie 
group:  U.  8.  Geol.  and  Geog.  Surrey  Terr.  Bull.,  vol.  4,  No.  3,  p.  721, 
July  29, 1878. 

■*  White,  C.  A.,  Correlation  papers— Cretaceous:  U.  S.  Geol.  Survey 
Bull.  82,  p.  145, 1801. 

tt  Idem,  p.  146. 


In  lithological  character  the  I^ramie  formation  is  re- 
markably uniform  throughout  both  its  geographical  and 
vertical  extent,  and  it  seems  ever>n»rhere  to  have  been  the 
result  of  continuous  sedimentation  from  base  to  top.  Its 
strata  within  the  whole  of  the  great  area  which  they  occupy 
are  mostly  composed  of  sandy  material,  but  frequently 
they  are  more  or  less  argillaceous  and  rarely  calcareous. 
Sandstones  of  much  firmness  often  occur  among  them,  but 
a  large  part  of  the  sandy  strata  are  soft  and  friable.  Shaly 
strata  not  infrequently  occur,  and  these  are  often  carbona- 
ceous. The  formation  throughout  its  whole  extent  is  coal- 
bearing. 

The  question  concerning  the  Laramie  which 
gave  rise  to  the  most  extensive  discussion  and 
difiFerence  of  opinion  was,  of  course,  that  of  its 
age.  It  may  be  of  interest  to  present  a  brief 
recapitulation  of  the  divergent  views  on  this 
point  that  had  been  promulgated  up  to  about 
1890,  or  approximately  to  the  time  when,  if  it 
is  permissible  to  use  the  expression,  the  reac- 
tion set  in,  and  the  pendulum  began  its  back- 
ward swing  as  regards  what  should  or  should 
not  be  included  within  the  limits  of  this  forma- 
tion— the  point  that  subsequent  investigation 
has  shown  is  the  cause  of  much  of  this  difiFer- 
ence of  opinion. 

King  and  the  other  members  of  the  Fortieth 
Parallel  Survey  regarded  the  Laramie  as  of 
Cretaceous  age  and  the  equivalent  of  the 
Lignitic  group  of  Hayden.  The  term  was 
immediately  accepted  by  Hayden  and  the 
members  of  the  Survey  under  his  direction, 
though  not  wholly  as  a  substitute  for  the 
earlier  "Lignitic,"  for  they  admitted  im- 
doubted  Cretaceous  coals.  Hayden  regarded 
the  Laramie  as  transitional  between  Cretaceous 
and  Tertiary.  Endlich,  from  his  studies  in  the 
vicinity  of  Trinidad,  Colo.,  referred  the  coal- 
bearing  rocks  of  the  region  (  =  Laramie)  to 
post-Cretaceous  or  pre-Tertiary.  White,  End- 
lich, and  Peale,  who  investigated  the  Laramie, 
especially  in  Utah,  Wyoming,  and  Colorado, 
called  it  post-Ci-etaceous,  and  White  in  partic- 
ular stated  his  belief  that  it  was  transitional 
between  Cretaceous  and  Tertiary.  Stevenson 
and  Newberry  also  were  familiar  with  the  areas 
in  southern  Colorado  and  New  Mexico  and 
were  firm  in  their  belief  that  it  was  Cretaceous. 
The  vertebrate  paleontologists  Cope,  Marsh, 
and  many  others  after  them  referred  the  Lara- 
mie unqualifiedly  to  the  Cretaceous,  largely  on 
the  ground  that  it  contained  remains  of  dino- 
saurian  reptiles  that  were  believed  to  be  an 
unfailing  mark  of  Cretaceous  age.  On  the 
other  hand,   Lesquereux,  from  his  extensive 
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studies  of  the  fossil  plants,  was  strenuous  in  his 
claim  that  the  *'Lignitic"  and  later  the  Lara- 
mie were  of  Tertiary  age. 

In  1884-85  Lester  F.  Ward  "  instituted  an 
elaborate  investigation  and  comparison  of  the 
fossil  plants,  in  the  hope  of  throwing  conclu- 
sive light  on  its  age.  Ward  was  undoubtedly 
influenced  by  the  prevailing  opinion,  chiefly 
that  of  White,  as  to  what  should  be  regarded* 
as  Laramie,  with  the  result,  as  is  now  known, 
of  referring  to  it  beds  later  proved  to  belong 
to  the  Montana,  Laramie,  Arapahoe,  Denver, 
Lance,  and  Fort  Union,  and  it  is  small  wonder 
that  he  was  unable  to  reach  definite  conclu- 
sions. 

From  this  point  on  it  will  be  inexpedient  to 
follow  the  strictly  chronologic  method  of 
treatment,  for  the  reason  that  the  literature  is 
so  very  extensive  and  scattered,  and  conse- 
quently it  will  be  taken  up  by  regions  or 
special  horizons  that  have,  for  one  reason  or 
another,  come  into  prominence.  Each  of  these, 
particularly  those  of  special  interest  as  bearing 
on  the  problem,  will  be  followed  through  to 
the  present  time.  It  is  to  be  remembered  that 
the  area  over  which  the  Laramie  was  believed 
to  be  more  or  less  continuously  exposed 
reached  its  maximum  extension  about  1890, 
since  when,  by  a  process  of  elimination  or 
subtraction,  it  has  constantly  been  diminishing 
until  at  the  present  time  only  a  comparatively 
small  area  remains  to  support  the  name. 

RELATIONS  BETWEEN  THE  LARAMIE  OF  THE 
DENVER  BASIN,  TAKEN  AS  A  STANDARD,  AND 
THE  REPORTED  LARAMIE  IN  THAT  AND 
OTHER  AREAS. 

As  set  forth  in  the  preceding  pages,  the  his- 
tory of  the  Laramie  formation  shows  that  it 
has  had  what  may  be  called  a  rise  and  fall. 
From  the  d^te  of  the  introduction  of  the  term 
into  geologic  literature  and  usage,  in  1875,  to 
about  1890  its  application  was  undergoing  a 
process  of  expansion,  until  the  formation  was 
believed  to  have  covered  a  vast  area  extending 
from  northern  Mexico  to  the  Arctic  Circle  and 
many  hundreds  of  miles  in  width.  In  part  con- 
current with  this  expansion,  or  from  about  1888 
to  the  present  time,  the  application  of  the  term 
has  been  subjected  to  a  process  of  elimination 
or  curtailment,  until,  as  was  long  ago  so  aptly 

**  Ward,  L.  F.,  Synopsis  of  the  flora  of  the  Laramie  group:  U.  S.  Qeol. 
Survey  Sixth  Ann.  Kept.,  for  1884-85,  pp.  401-557, 1886. 


stated,  the  problem  became  not  so  much  ''To 
what  age  does  the  Laramie  belong  ? ''  as  ''  i^  hat 
belongs  to  the  Laramie  ? " 

As  time  went  on,  it  was  again  and  again  in- 
contestably  shown  that  beds  supposed  to  ful- 
fill the  requirements  of  the  definition  of  the 
Laramie  had  been  incorrectly  sd  placed  for  one 
reason  or  another,  and  reasonable  doubt  had 
been  cast  upon  the  right  of  many  other  beds 
to  be  considered  as  typical  Laramie. 

It  is  proposed  in  the  following  pages  to  re- 
view the  several  stratigraphic  units  or  geo- 
graphic areas  to  which  or  within  which  the 
term  Laramie  is  no  longer  considered  applic- 
able or  at  least  requires  a  greater  or  less  meas- 
ure of  qualification.  So  far  as  possible  the 
sequence  is  chronologic,  but  naturally  it  has 
not  been  expedient  to  adhere  strictly  to  the 
chronologic  order,  so  far  as  that  would  lead  to 
needless  repetition  or  to  the  breaking  up  of  the 
discussion  of  a  natural  geographic  unit.  Never- 
theless, it  has  been  impossible  to  avoid  some 
repetition  and  overlapping  in  the  treatment, 
owing  to  the  fact  that  results  obtained  in  one 
field  may  have  a  more  or  less  important  bearing 
on  another  field. 

ARAPAHOE  AND  DENVER  FORMATIONS. 

The  area  about  the  city  of  Denver,  Colo., 
now  well  known  as  the  Denver  Basin,  is  in  a 
way  classic  ground  for  geology.  It  had  been 
visited  and  studied  in  greater  or  less  detail  by 
a  number  of  geologists  and  paleontologists, 
including  J.  L.  LeConte,  F.  V.  Hayden,  Leo 
Lesquereux,  A.  R.  Marvine,  C.  A.  White,  S.  F. 
Emmons,  Whitman  Cross,  G.  H.  Eldridge,  and 
L.  F.  Ward.  The  coal-bearing  rocks  conform- 
ably above  the  marine  Cretaceous  Fox  Hills 
formation  were  at  first  believed  to  be  a  southern 
extension  of  the  ^'Lignitic  group  *'  of  the  upper 
Missouri  River  region  and  were  held  by  Hayden, 
Lesquereux,  and  others  to  be  of  Tertiary 
age.  When  the  Laramie  *' group''  was  estab- 
lished by  King,  this  portion  of  the  section  in 
the  Denver  Basin  and  adjacent  areas  along  the 
Front  Range  fell  within  its  limits,  and  the 
beds  were  regarded  by  him  and  by  those  who 
accepted  his  views  as  Cretaceous.  This  so- 
called  Laramie  was  for  many  years  regarded 
as  a  unit,  notwithstanding  the  fact  that  at 
certain  points  along  the  base  of  the  moun- 
tains, notably  at  Golden,  the  lower  or  coal- 
bearing  portion  of  the  section  was  vertical, 
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whereas  the  adjacent  beds  of  Table  Mountain 
were  practically  horizontal.  Some  geologists 
invoked  the  presence  of  a  hypothetical  fault 
to  account  for  this  obvious  discordance,  but 
it  is  now  known  to  be  due  to  a  sharp  fold  and 
not  to  a  fault.  This  is  shown  by  the  fact 
that  at  Green'Mountain,  3  or  4  miles  south  of 
Golden,  the  Arapahoe  and  the  lower  part  of 
the  Denver,  as  well  as  the  Laramie,  are  verti- 
cal. Both  the  lower  and  the  upper  beds  are 
abundantly  plant-bearing,  and  both  had  fur- 
nished extensive  collections,  but,  as  it  later  ap- 
peared, no  distinction  was  made  in  the  speci- 
mens or  in  the  records  concerning  them,  all 
being  called  simply  "  Laramie, ''  with  the  result 
•  that  when  the  horizons  were  proved  to  be  dis- 
tinct, the  greatest  confusion  and  difficulty 
arose  in  the  effort  to  separate  them. 

As  early  as  the  summer  of  1881,  when  Whit- 
man Cross  "  began  his  studies  in  the  Denver 
Basin,  he  *' first  observed,''  to  use  his  own 
language,  ''that  the  Table  Mountain  strata 
possessed  characteristics  proving  them  to  be- 
long to  a  series  distinct  from  the  normal  Lara- 
mie." No  published  announcement  of  this 
discovery  was  made  at  the  time,  and  field 
work  was  continued  in  the  region  for  a  number 
of  succeeding  years,  during  which  G.  H.  Eld- 
ridge  ascertained  that  another  distinct  Tertiary 
formation  occurred  between  that  discovered  by 
Cross  and  the  normal  Laramie.  A  preliminary 
statement  of  the  most  important  results  of  this 
investigation  was  made  by  Eldridge  and  Cross 
in  two  papers  read  before  the  Colorado  Scien- 
tific Society  July  2,  1888.  In  the  first  of  these 
papers**  Eldridge  named  and  described  the 
Arapahoe  formation,*^  which,  he  stated,  was 
*'the  formation  next  succeeding  the  Laramie  in 
geological  order  and  unconformably  resting  on 
it."     It  was  characterized  as  follows: 

It  is  compoeed  of  a  basal  member  of  conglomerate  or 
gritty  sandstone,  according  to  its  distance  from  the  foot- 
hills, with  an  overljdng  zone  of  gray  argillaceous  or 
arenaceous  shales,  containing  lenticular  masses  of  hard, 
quartzose  sandstone,  with  an  occasional  ironstone;  when 
confined  between  under-  and  overlying  groups  it  has  a 
thickness  varying  between  600  and  1,200  feet. 

••  Cross,  WhitmAn,  The  Tertiary  Denver  formation:  Am.  Jour.  Sci., 
3d  ser.,  yd.  37,  p.  262, 1889. 

M  Eldridge,  O.  H.,  On  some  stratigraphical  and  structural  features  of 
the  country  about  Denver,  Colo.:  Colorado  Sci.  Soc.  Proc.,  vol.  3,  pp. 
8^118, 1888. 

»  This  was  first  named  the  "  Willow  Creek  beds, "  but  on  the  ground  of 
preoccupation  the  name  was  changed  in  a  footnote  (p.  97)  to  Arapahoe. 


In  the  succeeding  paper  Cross  "  named  and 
described  the  Denver  Tertiary  formation,  which 
he  found  to  be  unconformably  overlying  the 
Arapahoe.  Lithologically  it  was  found  to  be 
composed  almost  entirely  of  andesitic  volcanic 
material;  its  thickness  was  given  as  800  to  1,200 
feet.     • 

As  already  indicated,  both  Arapahoe  and  Den- 
ver were  regarded  originally  as  of  Tertiary  age 
and  both  were  found  to  contain  fairly  abundant 
vertebrate  remains  belonging  to  turtles,  croco- 
diles, dinosaurs,  and,  it  was  at  first  supposed, 
mammals.  These  remains  were  studied  by 
O.  C.  Marsh,  and  at  first  the  study  resulted  in 
great  confusion.  The  dinosaurs  from  the  Den- 
ver were  pronounced  to  be  *' typical  Jurassic 
dinosaurs  of  both  herbivorous  and  carnivorous 
types."  *•  Though  found  in  the  same  beds, 
what  was  described  as  a  bison  was  referred  to 
latest  Pliocene  time.  Later  these  dinosaurs 
and  the  supposed  bison  were  found  to  belong 
to  the  Ceratopsidae,  a  group  of  homed  dino- 
saurs especially  abundant  in  Converse  County, 
Wyo.,  to  which  consideration  will  be  given  in 
subsequent  pages.  This  determination,  accord- 
ing to  the  vertebrate  paleontologists,  fixed 
their  age  as  Cretaceous.  The  invertebrates 
consisted  of  a  few  rather  poorly  preserved 
fresh-water  types  that  did  not  prove  of  much 
value  in  fixing  the  age. 

Fossil  plants  were  abundant,  especially  in 
the  Denver  beds,  but,  as  already  stated,  the 
specimens  collected  were  not  labeled  with  the 
names  of  specific  localities,  and  all  were  re- 
garded as  of  Laramie  age.  Before  they  could 
be  utilized  in  the  light  of  this  newer  informa- 
tion as  regards  their  stratigraphic  relations,  it 
was  necessary  to  separate  them  on  the  basis 
of  the  matrix.  They  were  fortunately  pre- 
served in  the  United  States  National  Museum, 
and  a  study  of  the  matrix  undertaken  by  Cross 
resulted  in  showing  that  they  were  abundantly 
distinct  from  those  of  the  underlying  Laramie— 
in  fact,  out  of  about  98  species  in  the  Laramie 
and  some  140  in  the  Arapahoe  and  Denver, 
only  about  15  nominal  species  were  found  in 
common.     Subsequent  studies  of  the  Arapahoe 

»  Cross,  Whitman,  The  Denver  Tertiary  formation:  Colorado  Sci.  Soc. 
Proc.,  vol.  3,  pp.  119-133, 1888.  Recast  and  republished  under  the  same 
title  in  Am.  Jour.  Set.,  3d  ser.,  vol.  27,  pp.  261-282, 1889. 

M  Cannon,  G.  L.,  On  the  Tertiary  Dinosauria  found  in  Denver  beds: 
Colorado  Sci.  Soc.  Proc.,  vol.  3,  p.  143, 1888. 
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and  Denver  plants  have  shown  them  to  be 
essentially  Tertiary  in  type. 

In  1892  Cross  "^  briefly  reviewed  the  rela- 
tions of  the  Arapahoe  and  Denver  formations 
of  the  Denver  Basin  and  also  enumerated 
additional  localities  in  the  Huerfano  Basin, 
Gunnison  County,  the  Yampa  River  region,  the 
Animas  River  region.  Middle  Park,  and  else- 
where, in  which  identical  or  similar  strati- 
graphic  relations  had  been  suggested.  He 
discussed  at  length  the  conflicting  paleonto- 
logic  evidence  of  the  age  of  the  lake-bed 
deposits  and  concluded  as  follows: 

The  writer  wishes  to  advocate  the  restriction  of  the  t«rm 
Laramie,  in  accordance  with  its  original  definition,  to 
the  series  of  conformable  beds  succeeding  the  marine 
Montana  Cretaceous,  and  the  grouping  of  the  post- Laramie 
lake  beds  described,  with  their  demonstrated  equivalents, 
in  another  series  to  which  a  comprehensive  name  shall 
eventually  be  given.  ♦  ♦  *  The  question  as  to 
whether  the  series  shall  be  referred  to  the  Cretaceous  or  to 
the  Eocene  can  not  be  finally  settled  until  the  various 
conflicting  elements  of  the  evidence  have  been  adjusted 
on  a  basis  of  further  and  more  exact  information. 

Later  in  the  same  year  Cross  •*  published  an 
article  on  the  post-Laramie  beds  of  Middle 
Park,  as  an  amplification  of  the  previous  brief 
notice.  In  this  article  he  showed  that  the 
large  area  referred  to  the  '^Lignite'*  or  Laramie 
was  occupied  by  a  thick  series  of  mainly 
andesitic  rock  resting  unconf  ormably  on  marine 
Cretaceous  beds,  with  no  evidence  that  the 
Laramie  had  ever  been  present.  These  beds, 
which  he  called  the  Middle  Park  beds,  were 
correlated  with  the  Denver  on  account  of  the 
lithologic  similarity  and  the  identity  of  the 
contained  flora. 

The  publication  of  the  Denver  Basin  mono- 
graph by  Emmons,  Cross,  and  Eldridge" 
was  delayed  until  1896,  and  in  many  ways  the 
delay  was  perhaps  of  advantage,  for  it  per- 
mitted the  incorporation  and  discussion  of 
many  important  facts  that  had  in  the  meantime 
been  made  available  regarding  the  strati- 
graphic  and  other  relations  of  the  determined 
or  supposed  correlatives  of  the  formations 
here  under  discussion.  The  Laramie,  Arapa- 
hoe, and  Denver  formations  of  the  Denver 
Basin  were,  of  course,  described  in  detail,  and 
the  unconformable  relations  between  the 
Laramie  and  overlying  Arapahoe  were  espe- 


•Crow,  Whitman,  Post-Laramie  deposits  of  Colorado:  Am.  Jour. 
Sd.,  3d  aer.,  vol.  44.  pp.  19-42, 1892. 
«  Cross,  Whitman,  Colorado  Sd.  So?.  Pro?.,  vol.  4,  pp.  192-213,  189.2 
•  U.  8.  Geol.  Survey  Mon.  27,  1896. 


cially  made  plain.  The  magnitude  of  the  time 
interval  represented  by  the  unconformity  was 
insisted  upon  as  of  major  importance  in  Rocky 
Mountain  geology. 

The  Arapahoe  and  Denver  formations  were 
in  this  monograph  referred  to  the  Cretaceous 
out  of  deference  to  the  views  of  the  vertebrate 
paleontologists,  as  it  had  been  found  that  the 
vertebrates  appeared  to  be  much  more  nearly 
allied  to  Mesozoic  than  to  Cenozoic  types. 
The  Uthologic  and  stratigraphic  relations  of 
these  formations,  as  well  as  a  very  full  dis- 
cussion of  the  several  lines  of  paleontologic 
evidence,  are  given  by  Cross,  who  prepared  this 
portion  of  the  volume.  In  the  light  of  sub- 
sequent development  it  has  been  found  that 
many  of  his  queries  and  adumbrations  have 
had  a  wide  and  increasingly  important  appli- 
cation. 

For  ten  years  after  the  publication  of  the 
Denver  Basin  monograph  little  active  work 
was  prosecuted  in  this  region,  though  investi- 
gations in  adjacent  or  more  remote  areas  were 
found  to  have  a  more  or  less  direct  bearing  on 
the  problem  here  involved.  In  1907  A.  C. 
Veatch,*^  from  studies  in  Carbon  County, 
Wyo.,  was  led  to  question  the  validity  of  the 
current  appUcation  of  the  term  Laramie.  He 
endeavored  to  prove  that  Carbon,  Wyo.,  was 
intended  by  King  to  be  the  type  locality  for  the 
Laramie.  In  this  vicinity  Veatch  discovered 
that  in  the  supposedly  continuous  Laramie 
section  there  is  a  profound  unconformity 
similar  to  that  found  by  Cross  in  the  Denver 
Basin,  and  as  the  beds  at  Carbon  studied  and 
described  by  the  members  of  the  King  Survey 
are  all  above  this  break  he  contended  that  the 
name  should  properly  be  appUed  only  to  these 
beds  and  not  to  the  beds  that  are  conformable 
to  the  Cretaceous  section.  Veatch  further 
held  that  the  delimitation  of  the  Arapahoe 
and  Denver  constituted  a  virtual  redefinition 
of  the  Laramie. 

Replies  to  this  paper  were  made  by  Cross  •* 
and  Peale,'*  and  it  is  sufficient  to  state  that 
the  view  advocated  by  Veatch  has  not  been 
adopted.  Cross  especially  reviewed  the  facts 
relating  to  the  application  of  the  term,  hold- 

M  On  the  origin  and  definition  of  the  geologic  term  Laramie:  Am.  Jour. 
Sci.,  4th  ser.,  vol.  24,  p.  18, 1907;  expanded  under  the  same  title  in  Jour. 
Geology,  vol.  15,  p.  526, 1907. 

•<  Cross,  Whitman,  The  Laramie  formation  as  the  Shoshone  group: 
Washington  Acad.  Sci.  Proc.,  vol.  11,  pp.  27-45, 1909. 

»  Peale,  A.  C,  On  the  application  of  the  term  Laramie:  Am«Jour.  Sd., 
4th  ser.,  vol.  28,  pp.  45-58, 1909. 
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ing  that  the  separation  of  the  Arapahoe  and 
Denver  did  not  constitute  redefinition,  and 
finally,  following  a  suggestion  made  by  himself 
in  1892,  proposed  for  the  latter  and  their 
equivalents  the  term  Shoshone  group.  He 
said: 

It  is  proposed  to  apply  the  term  Shoshone  group  to  the 
deposits  which  unconformably  succeed  the  Laramie  and 
to  their  equivalents  and  which  are  overlain  by  the  Fort 
Union  or  Wasatch  beds  when  they  are  present. 

In  this  paper  Cross  reviewed  briefly  the  data 
bearing  on  the  age  of  these  post-Laramie  beds 
and  concluded  as  follows : 

In  the  preceding  discussion  I  have  avoided  the  question 
as  to  the  age  of  Shoshone  beds,  whether  Cretaceous  or 
Eocene.  I  desire  now  to  urge  their  reference  to  the 
Eocene.  The  Denver  beds  were  originally  referred  by 
me  to  the  Eocene,  but  the  great  weight  attached  to  the 
Mesozoic  affinities  of  the  vertebrate  fauna  by  paleontolo- 
gists led  to  a  tentative  acquiescence  in  the  assignment  of 
the  Arapahoe  and  Denver  formations  to  the  Cretaceous 
in  the  Denver  monograph. | 

RATON  MSSA  BEGION  OF  COLORADO  AND  NEW 

Msnco. 

In  1907  a  series  of  observations  were  begun 
in  the  Raton  Mesa  region  of  southern  Colorado 
and  northern  New  Mexico,  which  were  found 
ultimately  to  have  an  important  bearing  on  the 
formations  under  discussion  in  the  Denver 
Basin. 

The  Canon  City  field  of  Colorado,  although 
slightly  extralimital,  is  here  included  in  the 
Raton  Mesa  region,  which  really  begins  with 
Walsenburg,  Colo.,  and  vicinity  and  extends 
southward  to  Cimarron  River,  N.  Mex.  The 
early  history  of  geologic  exploration  and  inter- 
pretation in  this  region  has  already  been  given 
in  the  historical  review  of  the  time  which  pre- 
ceded the  establishment  of  the  term  Laramie, 
and  in  this  connection  it  is  only  necessary  to 
mention  the  names  of  Le  Conte,  Lesquereux, 
Hayden,  Newberry,  and  Stevenson  as  among 
those  who  took  principal  parts  in  the  discus- 
sion. The  section  of  coal-bearing  rocks  in  this 
region  was  considered  by  one  set  of  students 
as  being  more  or  less  directly  the  equivalent  of 
the  ''Lignite  group''  of  the  north  and  Tertiary 
in  age.  The  opposing  students  regarded  the 
age  as  Cretaceous,  but  when  the  Laramie  was 
established  by  King  the  definition  appeared  to 
fit  the  Raton  Mesa  section,  and  consequently 
the  beds  in  this  area  soon  came  to  be  accepted 
as  of  Laramie  (Cretaceous)  age.     It  should  not 


be  overlooked,  however,  that  from  his  studies 
of  the  fossil  plants  lesquereux  was  led  to 
insist  that  the  flora  of  certain  localities  within 
this  area,  notably  Raton  Pass  and  Fishers  Peak, 
indicated  a  correlation  with  the  so-called  ''Eo- 
lignitic"  (  =  Wilcox  formation)  of  the  Gulf 
region  and  was  of  Tertiary  age. 

A  critically  annotated  historical  review  of 
geologic  and  paleontologic  literature  on  this 
region  is  given  in  a  recent  paper  by  Lee  and 
Knowlton,"'  to  which  the  reader  is  referred 
for  full  particulars.  In  the  present  connec- 
tion it  is  sufficient  to  begin  with  the  time — 
about  1900-"When  geologists  had  reached  a 
general  agreement  that  the  coal-bearing  rocks 
of  the  Raton  Mesa  region  are  of  Laramie  age 
and,  moreover,  that  sedimentation  had  been 
continuiius  and  uninterrupted  throughout  the 
deposition  of  this  section.  Thus,  in  my 
** Catalogue  of  the  Cretaceous  and  Tertiary 
plants  of  North  America,"  "^  published  in 
1808,  the  plants  from  the  Raton  region  were 
referred  to  the  Laramie  as  then  curientlv 
accepted.  In  Newberry ^s  long  dela3ed  mono-  ' 
graph  on  the  later  extinct  floras  of  North 
America,**  also  is.sued  in  1898,  the  few  species 
from  this  region  were  referred  without  ques- 
tion to  the  Laramie.  In  the  Walsenburg  and 
Spanish  Peaks  geologic  folios,  by  R.  C.  Hills,*' 
issued  in  1900  and  1901,  respectively,  the  pro- 
ductive coal  measures  were  referred  to  the 
Laramie  without  qualification. 

In  1909,  however,  W.  T.  Lee'*  published  a 

short  paper  under  the  title  *' Unconformity  in 

the  so-called  Laramie  of  the  Raton  coal  field. 

New   Mexico,''    in    which    the   following   was 

given  as  the  thesis: 

The  purpose  of  this  paper  is  to  describe  an  uncon- 
formity hitherto  unknown  that  is  of  more  than  ordinary 
interest  because  it  divides  rocks  previously  referred  to 
the  Laramie  into  two  distinct  formations.  ♦  ♦  ♦  Dur- 
ing the  time  interval  represented  by  the  unconformity 
the  sedimentary  rocks  previously  laid  down  ^dthin  the 
Raton  field  were  subjected  to  erosion  for  a  considerable 
length  of  time,  and  the  Rocky  Mountains  west  of  this 
field  were  elevated  and  eroded  to  a  depth  of  several 
thousand  feet. 

Ijee  further  pointed  out  that 

"  Lee,  W.  T.,  and  Knowlton,  F.  H.,  Geology  and  paleontology  of 
the  Raton  Mesa  and  other  regions  in  Colorado  and  New  Mexico:  U.  S. 
Geol.  Survey  Prof.  Paper  101,  pp.  17-37, 1918. 

w  Knowlton,  F.  H.,  U.  S.  Geol.  Survey  Bull.  152, 1898. 

•  Newberry,  J.  8.,  U.  S.  Geol.  Survey  Mon.  35, 1898. 

•  Hills,  R.  C,  U.  S.  Geol.  Survey  Geol.  Atlas,  Walsenburg  folio  (No. 
68),  1900:  Spanish  Peaks  foUo  (No.  71),  1901. 

TO  Lee,  W.  T.,  Geol.  Soc.  America  Bull.,  vol.  20,  pp.  357-358, 1909. 
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The  upper  formation  has  the  stratigraphic  position  of 
the  Arapahoe  of  the  Denver  Basin  but  contains  a  flora 
apparently  more  closely  related  to  that  of  the  Denver 
formation  than  it  is  to  the  Laramie  of  the  Denver  Basin. 
The  lower  one  has  the  stratigraphic  position  of  the  Lara- 
mie of  the  Denver  Basin  but  contains  a  flora  that  is  ap- 
parently older  than  Laramie. 

As  regards  the  significance  of  this  uncon- 
formity Lee  added: 

There  are  several  possibilities  of  interpretation,  as  will 
be  pointed  out  in  the  following  pages,  but  the  one  con- 
sidered most  probable  ia  that  the  uplift  and  erosion  rep- 
resented by  the  unconformity  were  contemporaneous 
with  the  post-Laramie  uplift  and  erosion  described  by 
Cross  and  others  from  the  Denver  region. 

Without  unduly  anticipating,  it  may  be 
stated  that  subsequent  work  has  entireh' 
confiimed  this  interpretation. 

In  1910  G.  B.  Richardson,^*  in  a  short  report 
on  the  coal  resources  of  the  Trinidad  coal  field 
of  Colorado,  noted  the  conglomerate  described 
b}'  Lee  in  the  report  on  the  Raton  coal  field  as 
marking  the  unconformity  and  said: 

The  significance  of  the  conglomerate  in  the  Trinidad 
field  remains  to  be  determined.  Occurring  intermittently 
in  the  midst  of  coal-bearing  rocks,  it  may  represent  only  a 
local  ch&nge  in  conditions  of  deposition,  or,  as  maintained 
by  Lee  for  a  conglomerate  in  the  Raton  field,  presumably 
the  same  as  the  one  just  described,  it  may  mark  an  uncon- 
formity contemporaneous  with  the  post-Laramie  uncon- 
formity of  the  Denver  Basin.  *  ♦  *  The  final  word 
concerning  the  age  of  the  rocks  above  and  below  this  con- 
glomerate in  the  coal  measures,  involving  its  significance 
as  a  hiatus  marker,  must  come  from  the  paleontologist. 

As  the  paleobotanic  data  then  tentatively 
supplied  by  me  were  more  or  less  conflicting 
and  inconclusive,  Richardson  wisely  enough 
concluded  that 

Until  further  paleobotanical  knowledge  is  available,  the 
age  of  these  rocks  must  remain  unsettled.  For  the  present 
it  seems  best  to  retain  the  old  nomenclature  and  to  refer 
the  strata  occurring  between  the  Trinidad  sandstone  and 
the  Poison  Canyon  formation  to  the  Laramie. 

In  the  same  volume  with  Richardson's  report 

is  a  paper  by  C.  W.  Washbume  "  on  the  Canon 

City  coal  field,  Colo.,  in  whiph  he  stated  that 

The  Laramie  formation,  which  contains  all  the  coal  beds 
of  the  Canon  City  field,  rests  conformably  on  the  Trinidad 
sandstone  and  is  unconformably  overlain  by  the  Arapahoe 
(?)  conglomerate.  The  productive  division  of  the  forma- 
tion is  the  lower  600  or  700  feet. 

Although  Washbume  admitted  that  the 
''upper  part  of  the  coal  measures  contains  a 

71  Richardson,  G.  B.,  The  Trinidad  coal  field,  Colo.:  U.  S.  Geol. 
Survey  Bull.  381,  pp.  379-446. 1910. 
n  U.  8.  Geol.  Survey  Bull.  381.  pp.  341-378, 1910. 


flora  equivalent  to  that  of  the  Laramie  for- 
mation of  the  Denver  Basin,  while  the  lower 
part  contains  a  flora  of  upper  Montana  age/' 
he  concluded  that  "  there  seems  no  good  reason 
for  separating  these  lower  beds  from  the  Lara- 
mie, even  though  they  contain  an  upper 
Montana  flora.'* 

The  work  on  the  stratigraphy  and  paleo- 
botany of  this  region  was  continued  by  I^e 
and  Knowlton/'  and  their  results  were  presented 
for  publication  early  in  1913.  These  results 
I  briefly  summed  up  in  May  of  that  year  as 
follows :  ^* 

In  1907  W.  T.  Lee  began  the  study  of  the  coal  in  the 
Raton  field,  and  while  prosecuting  this  work  he  discovered 
the  presence  of  an  unconformity  in  the  midst  of  the  section 
of  coal-bearing,  supposed  Laramie  rocks.  This  uncon- 
formity was  traced  throughout  the  entire  Raton  Mesa  and 
subsequently  was  carried  around  the  southern  end  of  the 
mountains  and  well  up  along  their  western  front.  The 
rocks  below  the  unconformity,  to  which  the  name  Vermejo 
formation  has  been  given,  have  a  maximum  thickness  of 
only  about  375  feet,  while  the  rocks  above  the  uncon- 
formity, now  called  the  Raton  formation,  are  about  1,600 
feet  in  thickness.  In  some  places  the  Raton  formation 
rests  on  the  full  thickness  of  the  Vermejo  formation,  while 
in  other  localities  the  Vermejo  is  greatly  reduced,  and  in 
at  least  one  place  the  entire  Vermejo,  together  with  the 
underlying  Trinidad  sandstone,  has  been  removed  and  the 
Raton  rests  directly  on  Pierre. 

When  the  unconformity  had  been  demonstrated,  it 
became  of  the  greatest  interest  and  importance  that  the 
fossil  plants  should  be  studied  to  ascertain  their  bearing, 
first,  on  the  distinctness  of  these  two  formations,  and, 
second,  on  the  question  of  age.  ♦  ♦  ♦  The  total  flora 
of  the  Raton  Mesa  region  comprises  257  forms,  of  which 
number  106  belong  to  the  lower,  or  Vermejo  and  Trinidad 
formations,  and  151  to  the  upper,  or  Raton  formations. 
Only  4  species  have  been  found  to  cross  the  line  of  the 
unconformity,  which  is  taken  as  pretty  conclusive  evi- 
dence of  the  distinctness  of  the  two  formations.  ♦  ♦  ♦ 
The  Vermejo  formation  is  shown  by  the  plants  to  be  Creta- 
ceous (Montana)  in  age,  being  in  the  approximate  position 
of  the  Mesaverde. 

The  Raton  formation  is  shown  to  be  essentially  of  the 
same  geologic  age  as  the  Denver  formation  of  the  Denver 
Basin  and  of  the  Wilcox  formation  of  the  Gulf  region,  the 
latter  being  indisputably  of  Eocene  age.  The  conclusion 
is  therefore  reached  that  the  Raton  and  Denver  formations 
are  Eocene  in  age. 

In  the  meantime,  as  indicated  above,  Lee  had 
continued  the  studies  from  Raton  Mesa  around 
the  south  end  of  the  Rocky  Moim tains  and  well 

n  Lee,  W.  T.,  and  Enowlton,  F.  H.,  Geology  ipd  paleontology  of  the 
Raton  Mesa  and  other  regions  in  Colorado  and  New  Mexico:  U.S.  Geol. 
Survey  Prof.  Paper  101, 1918. 

74  Knowlton,  F.  H.,  Results  of  a  paleobotanical  study  of  the  coal* 
bearing  rocks  of  the  Raton  Mesa  region  of  Colorado  and  New  Mexico; 
Am.  Jour.  Sci.,  4th  ser.,  vol.  35,  pp.  52^-630, 1913. 
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up  along  the  west  side.     His  results  were  set 
forth  in  a  paper  published  in  1912.^* 

COLORADO  SPRINGS  AREA. 

Although  the  Colorado  Springs  area  is  in 
practical  connection  with  the  Denver  Basin 
and  in  fact  is  considered  a  part  of  the  basin  in 
the  present  study,  there  are  reasons  that  make 
it  desirable  to  treat  this  area  separately  and 
specifically. 

The  first  fairly  comprehensive  account  of  the 
geology  of  this  area  was  given  in  1869,  by  F.  V. 
Hayden,^'  who  made  a  reconnaissance  study 
from  Cheyenne,  Wyo.,  through  the  Denver 
Basin,  Colorado  Springs,  Canon  City,  and 
Raton  fields.  At  that  time  he  considered  the 
coal-bearing  rocks  as  belonging  to  the  *^Lig- 
nitic'*  and  of  Tertiary  age. 

In  1872  Leo  I^esquereux  "  visited  this  region 
and  gave  a  brief  account  of  the  geologic  rela- 
tions of  the  coal-bearing  rocks,  including  a  sec- 
tion of  the  rocks  at  the  Gehrung  coal  mine, 
north  of  Colorado  Springs,  which  he  considered 
as  similar  to  the  section  in  the  Raton  Moun- 
tains. A  Ust  of  the  fossil  plants  collected  is 
given  on  page  375  of  his  report. 

In  the  following  year  A.  C.  Peale  "  also  gave 
a  short  account  of  the  geology  of  the  Colorado 
Springs  area,  but  it  was  mainly  a  confirmation 
of  the  work  of  Lesquereux,  whose  section  at  the 
Gehrung  mine  he  quoted.  Peale  also  visited 
the  Franceville  coal  mines,  about  12  miles  east 
of  Colorado  Springs,  and  identified  portions  of 
the  section  with  that  at  the  Gehrung  mine. 
The  fossil  plants  he  obtained  at  this  locality  are 
enumerated  on  pages  326-375  of  his  report. 

At  this  point  it  is  necessary  to  speak  of  the 
so-called  Monument  Creek  group,  on  account 
of  the  part  it  played  in  the  elucidation  of  the 
geologic  history  of  this  region.  The  term 
** Monument  Creek  group''  was  established  by 
Hayden  ^'  for  a  series  of  '*  variegated  beds  of 
sands  and  arenaceous  clays,  nearly  horizontal, 

'*  Lee,  W.  T.,  Stratigraphy  of  the  coal  fields  of  northern  central  New 
Mexico:  Oeol.  Soc.  America  Bull.,  vol.  23,  pp.  571-688, 1912.  As  already 
indicated,  the  complete  report  on  the  Raton  Mesa  region  by  Lee  and 
Knowlton  was  published  in  191 S  as  U.  S.  Geol.  Survey  Prof.  Paper  101; 
16  this  report  the  reader  is.referred  for  details  of  the  geology  and  paleo- 
botany. 

^*  Preliminary  fiejjl  report  of  the  United  States  geological  survey  of 
Colorado  and  New  Mexico,  pp.  37-46,  1869;  reprint,  pp.  137-146,  1873. 

"  The  Lignitic  formation  and  its  fossil  flora:  U.  S.  Geol.  and  (leog. 
Survey  Terr.  Ann.  Rept.  for  1872,  pp.  32.5-327,  1873. 

»  Peale,  A.  C,  U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann.  Rept.  for  1873, 
pp.  202-203,  1874. 

"  Op.  cit.,  p.  40. 


resting  on  the  upturned  edges  of  the  older 
rocks,  *  *  *  of  various  colors  *  *  * 
and  of  various  degrees  of  texture."  This  series 
occurs  along  the  Front  Range  on  the  divide  be- 
tween the  Platte  and  Arkansas  drainage,  where 
it  covers  an  area  ^'of  about  40  miles  in  width 
from  east  to  west,  and  50  miles  in  length  north 
and  south. '^  From  its  modem  appearance 
Hayden  concluded  that  it  was  of  ''either  late 
Miocene  or  Pliocene  age." 

In  1873  Cope"  referred  to  the  ''Monument 
Creek"  as  follows: 

The  age  of  the  Monument  Creek  formation  in  relation  to 
the  other  Tertiaries  not  having  been  definitely  deter- 
mined, I  sought  for  vertebrate  foesils.  The  most  charac- 
teriBtic  one  I  procured  was  the  hind  leg  and  foot  of  an 
artiodactyl  of  the  Oreodon  type,  which  indicated  conclu- 
sively that  the  formation  is  newer  than  the  Eocene.  From 
the  same  neighborhood  and  stratum,  as  I  have  every  reason 
for  believing,  the  fragment  of  the  MegaceratopM  [obvious 
error  for  Megaceropa]  coloradoensis  was  obtained.  This  fos- 
sil is  e:)ually  conclusive  against  the  Pliocene  age  of  the 
formation,  so  that  it  may  be  referred  to  the  Miocene  until 
further  discoveries  enable  us  to  be  more  exact. 

In  the  following  year  (1874)  Hayden  •*  again 
referred  to  the  "Monument  Creek  group." 
After  describing  it  at  some  length,  and  alluding 
to  Cope's  statement  regarding  the  vertebrate 
evidence,  he  said:  "As  to  the  real  age  of  this 
group,  I  ^m  inclined  to  regard  it  as  Miocene, 
perhaps  upper  Miocene." 

The  next  publication  that  it  is  necessary  to 
notice  is  the  Denver  Basin  monograph,"  by 
Enmions,  Cross,  and  Eldridge,  though  in  that 
work  the  discussion  of  these  rocks  was  brief,  as 
they  occur  in  the  series  of  beds  mapped  only 
as  projecting  tongues  forming  the  divide  be- 
tween the  Platte  and  Arkansas  waters.  Em- 
mons gave  first  a  brief  summary  (p.  38)  in 
which,  although  calling  the  beds  the  "Monu- 
ment Creek  formation,"  he  noted  that  "two 
divisions  have  been  distinguished,  marked  by 
an  apparent  unconformity  and  period  of 
erosion."  The  lower  division  was  referred 
tentativelv  to  the  Miocene  on  the  basis  of  the 
previous  vertebrate  work  of  Cope,  while  the 
upper  division  was  thought  probably  to  be 
referable  to  the  Pliocene. 

Eldridge  devoted  several  pages  to  a  general 
description  of  the  stratigraphic  relations,  lith- 

•■•Cope,  E.  D.,  Report  on  the  vertebrate  paleontology  of  Colorado: 
I'.  S.  Geol.  and  (Jeog.  v<?urvey  Terr.  Ann  Rept.  for  1873,  p.  430,  1874. 

"  Hayden,  F.  V.,  U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann.  Rept. 
for  1874,  pp.  36,  37,  1876. 

«  Emmons,  S.  F.,  Cross,  Whitman,  and  Eldridge,  G.  H.,  U.  8.  Geol. 
Sur\'ey  Mon.  27,  pp.  38,  39,  252-234,  X896. 
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ology,  and  life  of  the  "Monument  Creek  forma- 
tion," wliich  was  of  course  the  basis  for  the 
general  statement  by  Emmons.  Concerning 
the  stratigraphic  relations  Eldridge  said: 

The  Uonument  Creek  fonnation  occurs  along  the 
southern  edge  of  the  Denver  field  in  the  steep  alopee  of 
ft  high  nieaa  and  also  atretchea  from  its  base  prairicward 
in  thin  Bheets.  The  floor  of  the  lake  in  which  the  Monu- 
ment Creek  was  deposited  was  more  or  leea  Irregular  from 
erosion  and  in  one  part  or  another  consbted  of  the  clays 
and  sandstones  of  the  Ijitamie,  Arapahoe,  or  Denver 
formations.  In  the  foothill  n^aa  the  Monument  Creek 
lies  in  contact  with  the  Arapahoe;  between  Platte  River 
and  Cherry  (^reek  a  few  hundred  feet  of  Denver  beda 
exist,  which  further  to  the  east  disappear.  North  and 
east  of  Coal  Creek,  on  the  eastern  edge  of  the  field,  txith 
Denver  and  Anpahoe  are  wanting  and  the  Monument 
Creek  rest«  directly  upon  the  clays  of  the  Laramie. 

Although  the  relations  between  the  Arapahoe 
and  Denver  and  the  "Monument  Creek"  were 
somewhat  obscure,  the  interpretation  natur- 
ally followed  that  the  latter  was  structurally 
above  the  former,  for  it  was  then  supposed 
that  the  lower  division  of  the  ''Monument 
Creek"  was  of  Miocene  age,  while  the  Arapahoe 
and  Denver  were  referred  to  the  Cretaceous, 

In  1902  W.  T,  Lee  "  discussed  at  some  length 
the  "  Monument  Creek  group  "  of  Hayden.  To 
the  lower  portion  (of  Emmons  and  others)  he 
apphed  the  name  "Monument  Creek  forma- 
tion" and  des<Tibed  it  as  "composed  of  con- 
glomerates, breccias,  sands,  and  clays  which 
alternate  and  intermingle  and  grade  into  each 
other  in  the  mnst  lawless  manner,"  Continu- 
ing, Lee  said : 

Above'  the  Monument  Creek  beds  Ho  masses  of  rhyolitic 
tuR.  This  tuS  has  been  noted  by  Hayden  and  others.  It 
forms  more  or  less  of  a  sheet,  or  sheets  in  some  places,  while 
in  others  it  occurs  intermingled  with  sand,  gravel,  and 
clay.  •  •  •  Above  the  tuff  occurs  a  sheet  of  glassy 
rhyolit*  about  25  feet  thick  which  forms  the  protecting 
cap  of  several  of  the  butles  near  Castle  Rock. 

To  the  "youngest  fonnation  in  the  Castle 
Rock  region"  Lee  gave  the  name  "Castle  con- 
glomerate." This  was  the  "Upper  Monument 
Creek"  of  Hayden  and  the  so-called  upper  divi- 
sion of  Emmons  and  others.  Concerning  it 
Lee  said ; 

These  upper  beds  differ  in  characler  from  thoee  of  the 
lower  division:  they  are  ceparatcd  from  il  hy  volcanic  luffs 
and  flows  o(  rhyolite  and  by  an  unconformity  representing 
a  period  of  erosion,  as  shown  by  the  presence  in  it  of  the 
material  from  the  underlying  rhyolite.  It  is  therefore 
separate  and  distinct  from  the  lower  division. 


Lee  did  not  procure  data  bearing  on  the  age 
of  the  divisions  of  the  "Monument  Creek" 
recognized  by  him,  but  three  years  later  N.  H. 
Darton  "  obtained  additional  vertebrate  evi- 
dence as  regards  the  upper  division.  At  a 
number  of  localities  he  collected  remains  of 
Titanotli^vm  and  Hyracodon,  concerning  which 
he  wrote  as  follows: 

All  this  material  appears  to  have  been  obtained  from  the 
upper  beds  and  it  correlates  these  beds  with  the  Chadron 
formation  of  the  White  River  group,  or  Oligocene.  No 
evidence  was  obtained  as  to  the  age  of  the  lower  member. 
•  •  •  The  presence  of  the  unconformity  between  the 
upper  and  lower  members  Huggesta  that  the  latter  may  be 
of  Wasatch  or  Bridget  age.  The  Dearest  locality  to  the 
Monument  Creek  area  at  which  Oligocene  deposits  occur 
in  eastern  Colorado  is  in  the  vicinity  of  Akron  and  Fre- 
mont's Butte,  where  Titanolherium  remains  occur  in 
abundance. 

The  status  of  the  "Monument  Creek"  prob- 
lem remained  as  above  indicated  until  1910-11, 
when  G.  B.  Richardson  began  a  study  of  this 
region  preparatory  to  the  preparation  of  a 
report  on  the  geology  of  the  Castle  Rock  quad- 
rangle, which  is  joined  by  the  Denver  Basin  on 
the  north  and  by  the  Colorado  Springs  quad- 
rangle on  the  south.  As  a  result  of  this  study 
Richardson  "  stated  that  he  found  it  necessary 
to  separate  the  "Monument  Creek  group"  into 
two  formations  on  the  basis  of  a  well-marked 
unconformity  which  separates  beds  of  Eocene 
and  Oligocene  age.  The  lower  formation  was 
named  the  Dawson  arkose  and  the  upper  one 
the  Castle  Rock  conglomerate.  According  to 
Richardson  the  stratigraphic  relations  indicate 
that  the  Arapahoe  and  Denver  formations  are 
equivalent  to  the  lower  part  of  the  Dawson 
arkose,  and  this  evidence  is  paleontologically 
supported. 

The  Castle  Rock  conglomerate  may  be  first 
considered.  This  formation  is  the  "  Upper 
Monument  Creek"  of  Hayden  and  others,  the 
so-called  "upper  division  of  the  Monument 
Creek"  of  Emmons,  Eldridge,  Darton,  and 
others,  and  the  Castle  conglomerate  of  Lee  " 
It  occurs  in  the  south-central  part  of  the  Den- 
ver Basin,  where  it  crops  out  in  detached  areas 
on  the  divides  between  the  tributaries  of  South 
Platte  River  from  a  point  near  Elbert  to  the 
vicinitv  of  Sedalia,  a  distance  of  about  40  miles. 
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It  is  thus  a  remnant  of  a  once  larger  formation 
that  has  been  reduced  by  erosion.  Concerning 
its  stratigraphic  relations  Richardson  said : 

Everywhere  the  Castle  Rock  conglomerate  rests  on  an 
undulating  surface  of  the  underlying  Dawson  arkose,  and 
there  is  an  abrupt  change  in  texture  of  the  material  from 
the  medium  or  fine  grained  arkose  of  the  upper  part  of  the 
Dawson  to  the  coarse  Castle  Rock  conglomerate. 

Richardson  procured  additional  vertebrate 
remains  from  the  Castle  Rock  conglomerate, 
which  were  identified  by  J.  W.  Gidley,  of  the 
United  States  National  Museum,  as  Titanoihe" 
riurrij  and  the  correlation  of  these  beds  with  the 
Chadron  formation,  the  lower  formation  of  the 
Oligocene  White  River  group,  was  thus  con- 
firmed. 

More  interest  attaches  to  the  Dawson  ar- 
kose— that  is,  the  lower  division  of  the  ''Mon- 
ument Creek  group" — for  its  exact  age  had 
long  been  in  doubt.  It  has  a  maximum  thick- 
ness of  about  2,000  feet  on  the  west,  toward 
its  source  in  the  mountains,  and  is  thinner 
toward  the  east.  Its  appearance  was  de- 
scribed by  Richardson  as  follows: 

The  formation  is  a  complex  aggregate  of  ^-aricolored  and 
vari textured  conglomerate,  sandstone,  shale,  and  clay,  de- 
rived from  the  rocks  of  the  Front  Range  and  deposited 
under  a  variety  of  continental  conditions.  They  are  me- 
dium to  coarse  textured  arkosic  grits,  composed  chiefly  of 
quartz  and  feldspar  derived  from  the  Pikes  Peak  granite 
and  associated  rocks.  ♦  *  *  Rhyolitic  rocks  ♦  *  ♦ 
were  extravasated  on  an  uneven  surface  of  arkose  in  the 
extreme  upper  part  of  the  Dawson.  ♦  «  ♦  The  strati- 
graphic  relations  of  the  Dawson  arkose  to  the  Denver  and 
Arapahoe  formations  *  *  *  are  generally  concealed 
by  a  cover  of  Quaternary  deposits,  so  that  actual  conditions 
are  obscure.  It  is  not  claimed  for  the  recent  work  that 
final  correlations  have  been  established,  but  nevertheles 
previously  unsuspected  relationships  are  indicated. 

Approaching  the  geologically  mapped  part  of  the 
Denver  Basin  from  the  south,  where  detailed  work  had 
not  previously  been  done,  it  was  found  that  the  lower  part 
of  the  Dawson  arkose  seems  to  pass  along  the  strike  into 
the  Arapahoe  and  Denver  formations;  that  the  Dawson 
and  Arapahoe  can  not  be  separated  lithologically,  even  at 
the  type  locality  of  the  Arapahoe,  on  the  bluffs  of  Willow 
Creek;  and  that  the  Denver  and  Dawson  apparently  merge 
into  each  other,  or  interdigitate,  layers  of  arkose  typical  of 
the  Dawson  being  found  intercalated  in  andesitic  Denver 
material.  These  conditions  indicate  that  the  Arapahoe 
and  Denver  are  equivalent  to  the  lower  part  of  the  Dawson 
arkose.  The  marked  difiference  in  lithology  between  the 
andesitic  Denver  and  the  arkosic  Dawson  may  be 
accounted  for  by  the  geographic  distribution  of  the  rocks 
which  supplied  the  sediments. 

The  paleontologic  support  of  the  age  deter- 
mination of  the  Dawson  arkose  consists  of  a 
nimiber  of  collections  of  fossil  plants,  which 


are  pronounced  to  be  of  undoubted  Denver 
age,  and  a  single  bone  of  a  mammal,  which  was 
identified  by  Gidley  as  that  of  a  creodont  and 
of  which  he  said :  '  *  From  our  present  knowledge 
of  the  creodonts  such  a  type  could  not  be  older 
than  Wasatch."  Although  no  dinosaurs  were 
found  by  Richardson  in  the  Dawson  arkose,  he 
referred  to  their  occurrence,  as  reported  by 
Marsh,  in  Monument  Park,  8  miles  north  of 
Colorado  Springs,  in  beds  that  must  belong  to 
the  Dawson.  Ceratopsian  dinosaurs  have  been 
found  in  the  Arapahoe  and  Denver  formations, 
but  not  thus  far  in  the  Laramie  of  the  Denver 
Basin. 

In  1912,  however,  Lee'^  visited  the  locality 
where  the  creodont  bone  above  mentioned  was 
found  (Jimmy  Camp  Creek,  0  miles  east  of 
Colorado  Springs)  and  there  collected  the 
remains  of  turtles  and  of  dinosaurs.  The  tur- 
tles were  examined  by  O.  P.  Hay  and  the  dino- 
saui's  by  C.  W.  Gilmore.  Mr.  Gilmore  reported 
on  these  bones  as  follows : 

The  collection  consists  of  fragmentary  ceratopsian  bones 
none  of  which  is  sufficiently  characteristic  to  determine  the 
genus  to  which  it  belongs,  and  one  ungual  phalanx  is 
doubtfully  regarded  as  belonging  to  the  dinoeaiur  Tracho- 
don.  Two  small  shell  fragments  show  the  presence  of 
hard  and  soft  shell  turtles.  Of  these  Dr.  Hay  says:  ''The 
soft  shell  resembles  those  of  the  Lance  formation ;  the  other 
resembles  those  of  the  Wasatch  but  is  too  fragmentary  to 
be  certain  of  its  affinities." 

In  conmienting  on  the  above  statements  Lee 
wrote: 

We  have  then  at  this  locality,  near  Colorado  Springs, 
in  beds  that  lie  unconformably  on  the  Laramie,  a  flora 
that  correlates  these  beds  i^ith  undoubted  Eocene  on 
the  one  hand,  and  on  the  other  with  the  Denver  and 
Arapahoe  formations;  a  mammal  of  a  t>'pe  not  known  here- 
tofore to  be  older  than  Wasatch;  a  turtle  whose  nearest 
known  allies  are  in  the  Wasatch  fauna;  another  that 
resembles  those  of  the  Lance  fauna;  and  dinosaurs  that 
have  been  somewhat  generally  regarded  as  indicative 
of  Cretaceous  age  but  which  occur  in  associations  that 
con\ince  some  geologists  that  they  are  Tertiary.  Con- 
sidering this  association  of  fossils  in  connection  with  the 
great  unconformity,  it  seems  wholly  irrational  longer  to 
regard  a  formation  as  Cretaceous  merely  because  it  contains 
dinosaurs. 

We  may  now  return  to  the  more  direct  con- 
sideration of  the  Laramie  of  the  Colorado 
Springs  region.  In  1908  M.  I.  Goldman  •• 
spent  some  months  in  the  investigation  of  the 

■'  Lee,  W.  T.,  Recent  discovery  of  dinosaurs  In  the  Tertiary:  Am. 
Jour.  Sci.,  4th  ser.,  vol.  3!>,  pp.  531-^534, 1913. 

n  The  Colorado  Springs  coalfield,  Colo.:  U.  S.  Geol.  Smvay  Boll  3S1, 
pp.  317-340,  mo. 
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coal  resources  of  this  area,  and  after  describing 
briefly  the  Pierre  shale  and  Fox  Hills  sandstone, 
he  wrote  as  follows  concerning  the  Laramie: 

Above  the  Fox  Hills  sandstone  lie  the  coal-bearing  rocks 
of  Laramie  dge.  These  may  be  divided  into  two  mem- 
bers— a  lower  including  several  massive  sandstone  beds 
and  three  or  more  of  the  most  important  coal  beds  of  the 
field y  and  an  upper  composed  of  clay  shale,  sandy  shale, 
and  some  sandstone  with  poorly  developed  coal  beds. 

The  best  exposure  of  the  sandy,  coal-bearing  member  is 
in  Popes  Bluff,  where  the  base  of  the  formation  is  com- 
posed of  a  massive  sandstone  from  40  to  100  feet  thick  but 
not  sharply  defined  from  the  underlying  Fox  Hill.  The 
upper  part  of  the  sandetone  member  of  the  Laramie  gives 
way  gradually,  toward  the  east,  to  shale  with  thin  beds  of 
calcareous  and  ferruginous  sandstone  about  250  feet  thick. 
In  the  western  part  of  the  field  the  sandy  member  is  about 
200  feet  thick. 

Owing  to  the  incompleteness  of  the  paleon- 
tologic  evidence,  mainly  that  of  fossil  plants, 
Goldman  did  not  make  definite  age  determina- 
tions for  the  rocks  above  the  Laramie,  which 
were  described  under  the  terms  ''conglom- 
erate,'' ''andesitic  material,''  and  ''arkose,"  in 
ascending  order. 

In  some  parts  of  the  field  the  shaly  part  oi 
the  Laramie  is  overlain  by  a  conglomerate, 
which  has  a  maximum  known  thickness  of 
about  30  feet.  ''The  lithologic  similarity  of 
this  bed  to  some  parts  of  the  Arapahoe  forma- 
tion in  the  Denver  Basin  is  apparent." 

At  a  number  of  locaUties  the  conglomerate  ii 
overlain  by  beds  of  andesitic  material,  "which 
in  lithologic  composition  is  similar  to  the  Den- 
ver formation."  The  average  thickness  of  the 
beds  of  andesitic  material  is  about  125  feet. 

Beds  of  arkose  lie  unconformably  upon  the  andesitic 
material  and  overlap  the  coal-bearing  sandstone  in  the 
southeast  corner  of  sec.  6,  T.  13  S.,  R.  67  W.  The  arkose 
has  two  phases— (1)  coarse  arkose  near  the  mountains, 
some  sandstone,  and  clay  containing  coarse  quartz  grains; 
(2)  fine-grained,  very  micaceous  sandstone.  Both  phases 
are  very  irregularly  bedded,  and  most  of  the  lithologic 
units  are  of  small  horizontal  extent. 

The  greatest  thickness  of  arkose  measured 
was  300  to  400  feet  in  Corral  Bluffs,  but  the 
total  thickness  was  believed  to  be  still  greater. 

A  number  of  collections  of  fossil  plants  made 
in  the  immediate  Colorado  Springs  area  by 
A.  C.  Peale,  M.  I.  Goldman,  and  others  were 
submitted  to  me  for  study  at  this  time  (1908). 
This  material  was  not  well  preserved,  owing  to 
the  friable  nature  of  much  of  the  matrix,  and 
it  was  studied  with  difficulty.  With  the  ma- 
terial available  I  was  not  then  able  to  differen- 


tiate the  three  formational  units — ^Laramie, 
Arapahoe,  and  Denver — that  were  theoretically 
inferred  to  be  present;  in  fact,  the  Laramie 
elements  appeared  to  preponderate  so  greatly 
that  I  was  inclined  to  refer  all  the  plant  collec- 
tions to  the  Laramie.  On  bringmg  together 
in  a  single  list  all  the  forms  enumerated  in 
these  collections,  as  well  as  those  reported 
originally  by  Lesquereux  from  the  Gehrung 
mine  and  Franceville — both  in  the  acknowl- 
edged Laramie — it  was  foimd  that  a  total  of 
49  forms  were  represented.  Of  these  22  were 
not  specifically  determined,  leaving  27  named 
species,  most  of  which  were  known  outside  the 
Colorado  Springs  area.  On  analysis,  it  ap- 
peared that  19  of  these  forms  were  found  in 
Laramie  or  older  beds,  but,  as  will  be  pointed 
out  later,  nearly  all  of  these  are  foimd  in  the 
lots  which  belong  to  the  Laramie  and  about 
which  there  is  no  question.  There  was  one 
lot,  however,  collected  high  in  the  section  of 
the  bluffs  just  west  of  Temple  ton  Gap  that  as 
then  identified  did  much  to  influence  my  refer- 
ence of  these  beds  to  the  Laramie.  As  origi- 
nally listed  this  lot  contained  the  following 
forms: 

Sequoia  brevifolia  Heer. 
Sequoia  longifolia  Lesquereux. 
Dammara  sp.  cf.  D.  acicularis. 
Salix?  sp.,  fragment. 
Ficus  trinervis  Knowlton,  fragment. 
Rhamnus  salicifolius  liOsquereux. 
Cyperacites  sp. 
Viburnum?  sp. 
Carpi tessp.  (poor). 

At  the  time  these  identifications  were  made 
the  "Monument  Creek  group*'  was  supposed 
to  be  of  Oligocene  age,  and  it  was  deemed 
absolutely  impossible  that  these  plant  remains 
could  be  of  this  age;  in  fact,  if  they  were 
correctly  identified  and  stood  alone,  there 
would  ordinarily  be  no  hesitation  in  referring 
them  to  the  Laramie,  which  I  did.  Since  that 
time,  however,  I  have  twice  visited  this  region 
and  collected  material  from  this  locality,  as 
well  as  from  neighboring  localities  of  similar 
stratigraphic  position,  and  I  have  also  collected 
material  and  studied  several  collections  made 
some  20  miles  or  more  to  the  east,  out  on  the 
plains,  with  the  result  that  I  have  acquired  a 
better  understanding  of  the  forms  represented 
and  their  stratigraphic  relations. 

A  number  of  the  species  of  plants  from  the 
Pulpit  Rock  area  are  the  same  as  those  occur- 
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ring  at  Black  Buttes,  Wyo.,  in  beds  which  were 
then  supposed  to  be  in  the  Laramie  but  which 
in  my  opinion  subsequent  work  has  shown 
pretty  conclusively  to  be  of  post-Laramie  age. 
This  naturally  makes  a  difference  in  the  weight 
given  to  Laramie  position.  Furthermore,  as 
already  stated,  much  of  the  material  from 
Pulpit  Rock  and  vicinity  is  very  fragmentary 
and  difficult  to  identify  satisfactorily,  but  in 
the  light  of  the  material  obtained  farther  east 
it  becomes  clearer,  and  this  has  permitted 
certain  revisions  of  earlier  determinations. 
Below  are  the  lists  from  Templeton  Gap  and 
vicinity;  the  first  one  is  a  revision  of  the  one 
given  above: 

Bluffs  west  of  Templeton  Gap: 

Sequoia  obovata?  Knowlton  ined. 

Sequoia  acuminata  Lesquereux. 

Dammara  sp. 

Cyperacitee  sp. 

SaUx  sp. 

Ficus  trinervis  Knowlton. 

Rhamnus  salicifolius  Lesquereux. 

Carpites  sp.  (Palmocarpon?). 
Palmer's  ranch,  Templeton  Gap,  4  miles  northeast 
of  Colorado  Springs: 

Carpites  sp. 

Sequoia  sp.? 
Palmer's  ranch,  half  a  mile  farther  west: 

Rhamnus  salicifolius?  Lesquereux. 

Platanus?  sp. 

Viburnum  sp.,  probably  new. 

These  lots  may  be  considered  together.  Of 
the  four  named  species,  two  {Sequoia  dcumi- 
nata  and  Ficus  trinervis)  were  described 
originally  from  specimens  obtained  at  Black 
Buttes,  Wyo.;  the  other  two  are  survivals  from 
the  Laramie  or  older.  Of  these  the  Rkamnus 
is  well  known  as  crossing  the  line  between 
Cretaceous  and  Tertiary,  but  the  Sequoia  had 
not  previously  been  recognized  as  doing  this. 
The  Sequoia,  however,  is  represented  only  by 
a  single  rather  poorly  preserved  branchlet  and 
may  not  be  correctly  determined.  The  Dam- 
mara is  apparently  an  undescribed  form;  it  is 
Cretaceous  in  type,  though  the  genus  is  still 
living. 

The  several  localities  above  mentioned  as 
lying  out  on  the  plains  to  the  east  and  north- 
east of  Colorado  Springs  may  now  be  con- 
sidered. It  is  a  well-known  fact  that  the 
Laramie,  as  well  as  certain  overlying  beds, 
stands  at  acute  angles  in  many  places  near  the 
mountains,  but  within  a  few  miles  the  dips 
rapidly  diminish  and  the  beds  become  nearly 


horizontal.  The  country  becomes  grass  covered, 
rock  exposures  are  few  and  far  between,  and 
sections  showing  the  contacts  of  the  forma- 
tional  units  are  still  fewer.  It  is  especially 
difficult  to  establish  satisfactorily  the  line 
between  the  Laramie  and  the  overlying  beds 
in  this  plains  region,  and  recourse  must  be  had 
to  paleontology  in  the  allocation  of  the  more 
or  l^ss  isolated  localities. 

A  number  of  plant  collections  have  been 
made  at  these  uncertain  points  in  the  section. 
According  to  Richardson,  by  whom  most  of 
these  collections  were  made,  the  plant-bearing 
beds  are  1,000  feet  or  more,  as  determined  by 
drill  records,  above  the  Fox  Hills,  and  be- 
tween 20  and  150  feet  below  a  bed  of  conglom- 
erate that  marks  the  base  of  a  thick  deposit 
of  coarse-grained  light-colored  arkose  which 
is  lithologically  quite  distinct  from  the 
underlying  fine-grained  drab  and  buff-colored 
plant-bearing  sandstones  and  shales  resem- 
bling the  typical  Laramie.  It  is  suggested  by 
Richardson,  on  stratigraphic  groimds,  as  a 
possibility  worth  considering  that  these  leaves 
come  from  a  horizon  high  in  the  Laramie, 
approximately  equivalent  to  the  Scranton  coal 
zone  15  miles  east  of  Denver,  from  which  few 
leaves  have  heretofore  been  collected. 

Below  are  the  lists  of  plants  from  the  locali- 
ties mentioned: 

Near  Moeby,  Colo.,  30  feet  above  coal: 

Flabellaria?  sp.,  fragmentary. 

Pteris  undulata  Lesquereux. 

Anemia. 

Equisetum  sp. 

Ficus  denveriana?  Cockerell. 

Laurus  socialis  Lesquereux. 

Laurus  wardiana?  Knowlton. 

Viburnum  marginatum?  Lesquereux. 

Sapindus  sp. 
One-fourth  mile  east  of  Piu'don's  mine,  Colo.: 

Platanus  haydenii  Newberry. 

Nelumbo?  new,  fine. 

Hederasp.,  new,  fine. 

Populus  nebrascensis  Newberry. 

Ficus  sp.? 

Sapindus  sp.? 
Red  Hill,  4  miles  south  of  Ramah,  Colo.: 

Platanus  raynoldsii  Newberry. 

Vitis  olriki  Heer. 

Cissus  lobato-crenata  Lesquereux. 

Myrica?  sp.? 
NW.  \  sec.  30,  T.  9  S.,  R.  60  W.,  50  feet  below 
conglomerate: 

Platanus  sp.  cf.  P.  haydenii? 

Platanus  rhomboidea  Lesquereux. 

Populus  sp.? 
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2)  milee  southwest  of  Norton,  Colo.: 

Platanus  sp. 

Ficus  denveriana  Gockerell. 

Populus  sp. 

Hicoria  antiquora?  (Newberry)  HoUick. 

Palm  rays,  gen.? 

Salix  angusta?  Alex.  Braiin. 

Ficus  denveriana  Gockerell. 

Populus  sp.? 

Magnolia? 

Laurus?  sp.,  fragments. 

Fraxinus  eocenica  Lesquereux. 
Half  a  mile  southeast  of  Ramah  oil  prospect,  Colo. : 

Lygodium  kaulfusii  Heer. 

Anemia  lanceolata  Knowlton. 

Myrica  like  M.  torreyi,  but  without  teeth. 

Ficus  sp.  cf.  F.  denveriana  Cockerell. 

Laurus  sp. 

Populus  sp.  cf.  P.  nebrascensis  Newberry. 

On  bringing  the  named  forms  together  we 
have  the  following  list : 


Pteris  undulata. 
Lygodium  kaulfusii. 
Anemia. 

Hicoria  antiquora? 
Salix  angusta? 
Populus  nebrascensis. 
Ficus  planicostata. 
Ficus  denveriana. 
•Platanus  haydenii 


Platanus  raynoldsii. 
Platanus  rhomboidea. 
Vitis  olriki. 
Cissus  lobato-crenata. 
Laurus  socialis. 
Laurus  wardiana? 
Magnolia? 
Fraxinus  eocenica? 
Viburnum  marginatum. 


As  this  list  stands,  and  on  the  assumption 
that  the  determinations  have  been  correctly 
made,  no  one  familiar  with  the  several  floras 
of  the  Denver  Basin  would  hesitate,  I  think, 
to  pronounce  this  a  distinctly  post-Laramie 
flora.  If  we  eliminate  the  six  species  of  which 
the  identification  is  questioned  and  confine 
attention  to  positively  determined  forms,  it 
follows  that  only  two  species  from  this  list — 
Fi4m8  planicostata  and  F,  denveriana — ^have 
been  admitted  into  the  Laramie  flora  as  set 
forth  in  the  present  work.  As  may  be  seen 
by  consulting  the  description  (p.  131),  Ficus 
planicostata  is  a  wide-ranging  form  that  oc- 
curs in  the  Montana,  Laramie,  Wilcox,  and 
Denver  formations  and  the  beds  at  Black 
Buttes,  Wyo.,  while  F,  denveriana  (see  p.  138) 
is  essentially  a  Denver  species,  and  the  evi- 
dence of  its  presence  in  the  Laramie  consists 
of  a  single  more  or  less  imperfect  leaf  from 
Popes  Bluff,  near  Colorado  Springs,  the  iden- 
tification of  which  is  properly  questioned. 

A  further  analysis  might  be  made  of  the 
forms  not  specifically  named  in  the  above 
lists;  but  this  is  not  deemed  necessary,  as  it 
can  be  confidently  asserted  that  their  affini- 


ties imdoubtedly  lie  with  post-Laramie  rather 
than  with  Laramie  species. 

It  will  thus  be  seen  that,  as  now  under- 
stood, the  plants  do  not  lend  support  to  the 
suggestion  that  these  beds  are  of  Laramie 
age,  and  they  have  not  been  included  in  ^  the 
present  work.  If  it  should  ultimately  be 
shown  that  these  horizons  are  really  in  the 
upper  part  of  the  Laramie  and  not  in  post- 
Laramie  beds,  such  a  result  would  help  to 
break  down  the  marked  distinction  now  be- 
lieved to  exist  between  the  flora  of  the  Lara- 
mie and  that  of  overlying  beds,  but  this  is  a 
contingency  which  the  writer  is  not  now  pre- 
pared to  recognize."' 

LANCE  FOBMATION. 

The  age  and  proper  allocation  of  what  is 
now  very  generally  known  as  the  Lance 
formation  has  been  one  of  the  most  active 
of  the  storm  centers  about  which  the  Laramie 
controversy  has  been  waged.  As  viewed  in 
retrospect,  it  appears  that  much  of  the  dis- 
cordance that  arose  was  due  to  the  varying 
weight  attached  to  the  several  available  kinds 
of  paleontologic  criteria,  as  will  be  made 
plain  in  the  following  exposition. 

The 'most  marked  or  conspicuous  paleonto- 
logic characteristic  of  the  Lance  formation  is 
undoubtedly  the  presence  of  the  huge  dino- 
saurian  reptiles  that  have  been  found  in  it  at 
so  many  localities,  and  it  is  beyond  question 
that  this  characteristic  did  much  to  direct  and 
stimulate  investigation  of  the  formation,  which 
might  otherwise  have  been  long  delayed. 

The  first  collection  of  remains  of  the  group 
of  horned  dinosaurs  known  as  the  Ceratopsia 
was  made  by  F.  V.  Hayden  in  the  vicinity  of 
Judith  River,  Mont.,  about  1855,  but  the  dis- 
tinctive characters  of  the  group  were  not  dis- 
covered until  more  than  30  years  later.  The 
material  collected  by  Hayden,  consisting  of 
isolated  teeth,  was  described  by  Joseph  Leidy, 
who  tentatively  regarded  it  as  of  Jurassic 
(Wealden)  age.  A  fuller  discussion  of  the 
Judith  River  problem  will  be  found  on  page  77. 

The  next  in  order  of  discovery  was  the  cele- 
brated Agathaunuis  sylvestris  Cope,  found  in 

w  Since  the  foregoing  pages  were  written  it  has  been  demonstrated 
by  Lee  that  the  Scranton  coal  and  the  beds  at  a  number  of  localities  on 
Sand  Creek  and  Coal  Creek,  east  of  Denver,  are  of  post-Laramie  age. 
This  determination  has  an  important  bearing  on  the  age  of  the  beds 
east  of  Colorado  Springs  mentioned  in  this  chapter.  The  discovery 
made  by  Lee  is  explained  on  page  103. 
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1872  at  Black  Buttes,  Wyo.,  by  F.  B.  Meek, 
and  later  in  the  same  year  collected  by  Cope 
himself.  (Se^  p.  8.)  In  the  following  year 
Cope  ••  found  the  remains  of  what  is  now  known 
to  be  a  member  of  this  group  at  some  uniden- 
tified locality  in  Colorado,  and  in  1876  he  im- 
dertook  the  exploration  of  the  Judith  River 
region,  describing  a  number  of  remains  that 
from  their  fragmentary  nature  he  was  not  able 
to  allocate  until  the  group  had  been  made  better 
known  from  the  studies  of  O.  C.  Marsh. 

As  already  mentioned  (p.  16),  the  remains 
of  homed  dinosaurs,  although  not  at  first  so 
recognized,  were  found  by  Lakes,  Cross,  El- 
dridge,  Cannon,  and  others  in  the  post-Lara- 
mie  beds  of  the  Denver  Basin  of  Colorado 
during  the  period  extending  from  1881  to  about 
1887".  These  were  described  in  part  by  Marsh. 
In  the  smnmer  of  1888  J.  B.  Hatcher,  then 
assistant  to  Marsh,  found  the  poorly  preserved 
remains  of  a  dinosaurian  in  Wyoming  just 
north  of  the  Seminoe  Mountains,  on  the  west 
side  of  North  Platte  River  about  40  miles 
below  Fort  Steele. 

The  above  brief  account  completes  the  list 
of  discoveries  of  remains  of  the  Ceratopsia  that 
fall  within  the  present  discussion  prior  to  the 
finding  of  the  celebrated  deposits  in  Converse 
County,  Wyo.  These  deposits  were  made 
known  late  in  the  fall  of  1888,  when  a  single 
horn  core  was  brought  to  the  attention  of  Mr. 
Hatcher  by  a  resident  of  the  region.  This  dis- 
covery was  considered  so  important  by  Marsh 
that  Hatcher  was  directed  to  retiun  to  the 
region  at  the  earliest  moment,  which  was  in 
January,  1889,  and  from  this  time  until  1895 
Hatcher  was  almost  continuously  employed  in 
exploring  and  collecting  from  these  rich  de- 
posits. The  material  he  obtained,  which  was 
very  extensive  and  varied,  furnished  the  basis 
for  a  series  of  important  papers  by  Marsh. 

Before  proceeding  to  the  discussion  of  the 
Converse  County  area  and  its  bearing  on  the 
question  imder  consideration,  it  may  be  well 
to  point  out  that  the  family  Ceratopsidae, 
which  has  become  so  important  in  this  connec- 
tion, was  established  by  Marsh  •*  in  December, 
1888.  The  exact  locality  that  yielded  the 
specimen  on  which  this  family  was  based  was 

M  Cope,  E.  D.,  Report  on  the  vertebrate  paleontology  of  Colorado: 
U.  8.  Geol.  and  Geog.  Survey  Terr.  Ann.  Rept.  for  1873,  p.  429, 1874. 

n  Marsh,  O.  C,  A  new  family  of  homed  Dinosauria,  from  the  Creta- 
ceous: Am.  Jour.  8d.,  3d  Mr.,  y<^  36,  p.  478, 1888. 


not  recorded  by  Marsh,  who  said  it  "  was  f oimd 
in  place,  in  Laramie  deposits  of  the  Cretaceous, 
in  Montana, ''  and  added  in  the  next  paragraph: 
'^  Remains  of  the  same  reptile,  or  one  nearly 
allied,  had  previously  been  foimd  in  Colorado, 
in  deposits  of  about  the  same  age."  Accord- 
ing to  Hatcher "  the  beds  of  the  Montana 
locality  were  near  the  top  of  the  Judith  River 
formation  on  Cow  Creek,  10  miles  above  its 
confluence  with  the  Missouri.  The  Colorado 
specimen  referred  to  came  from  the  Arapahoe 
formation  of  the  Denver  Basin.** 

Marsh's  first  paper  •*  dealing  with  what  is 
now  known  to  be  the  Converse  County  material 
was  published  in  April,  1889,  and  describes 
some  Jurassic  forms  and  a  single  specimen 
from  this  region.  This  was  named  Ceratops 
horridus^  and  in  August  of  the  same  year  it 
was  made  the  type  of  the  genus  Triceratops.^ 
Incidentally  it  may  be  mentioned  that  this 
genus  was  based  in  part  on  the  horn  core  first 
known  from  these  beds  as  noted  by  Hatcher. 
In  neither  of  these  papers  is  there  mention  of 
the  locality  beyond  the  statement  that  the 
remains  came  from  ''the  Laramie  formation 
of  Wyoming." 

In  December,  1889,  a  third  paper  by  Marsh  •• 
was  published,  in  which,  in  addition  to  describ- 
ing the  skull  more  in  detail,  he  gave  the  follow- 
ing brief  statement  on  the  geologic  occurrence 
of  the  Ceratopsidae:  ^ 

The  geological  horizon  of  theee  strange  reptiles  is  a 
distinct  one  in  the  upper  Cretaceous  and  has  now  been 
traced  nearly  800  miles  along  the  eastern  flank  of  the 
Rocky  Mountains.  It  is  marked  almost  everywhere  by 
remains  of  these  reptiles,  and  hence  the  strata  containing 
them  may  be  called  the  Ceratops  beds.  They  are  fresh- 
water or  brackish  deposits,  which  form  a  part  of  the  so- 
called  I^aramie  but  are  below  the  uppermost  beds  referred 
to  that  group.  In  some  places,  at  least,  they  rest  upon 
marine  beds  which  contain  invertebrate  fossils  character- 
istic of  the  Fox  Hills  deposits. 

• 

In  commenting  on  this  statement  a  few 
years  later,  Cross  ^  said: 

«  Hatcher,  J.  B.,  The  Ceratopsia:  U.  S.  Qeol.  Survey  Mon.  49,  p.  101, 
1907. 

••  Cross,  Whitman,  Geology  of  the  Denver  Basin  of  Colorado:  U.  8. 
Geol.  Survey  Mon.  27,  p.  230, 1896. 

M  Marsh,  O.  C,  Notice  of  new  American  Dinosauria:  Am.  Jour.  Bd., 
3d  ser.,  vol.  37,  p.  331, 1889. 

M  Marsh,  O.  C,  Notice  of  gigantic  horned  Dinosauria  from  the  Creta- 
ceous: Am.  Jour.  Sd.,  3d  ser.,  vol.  38,  p.  173, 1889. 

M  Marsh,  O.  C,  The  skull  of  the  gigantic  Ceratopsidae:  Am.  Jour.  Sd., 
3d  ser.,  vol.  38,  pp.  501-506, 1889. 

f"  Cross,  Whitman,  Geology  of  the  Denver  Basin  of  Colorado:  U.  8. 
Geol.  Survey  Mon.  27,  p.  231, 1806. 
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The  statement  that  ^'a  diBtinct  horizon'*  has  been 
"traced  nearly  800  miles"  and  that  '*it  is  marked  every- 
where *'  by  certain  fossils  would  imply  either  that  actual 
continuity  had  been  proved  or  that  the  stratigraphic 
position  of  the  fossil-bearing  strata  had  been  found  to  be 
clearly  the  same  at  numerous  localities  not  far  apart. 
But  when  Prof.  Marsh  made  the  above  assertion  the 
Denver  region  was  the  only  one  in  which  the  iX)sition  of 
the  Cerafop«-bearing  beds  had  been  established  in  complete 
sections,  and  here  they  were  found  to  be  separated  from 
the  typical  Laramie  below  them  by  a  great  stratigraphic 
break.  Moreover,  none  of  the  described  fossils  was  found 
east  of  the  mountains  between  the  Denver  Basin  and 
Converse  County,  Wyo.,  a  distance  of  200  miles.  As  far, 
then,  as  the  new  fossils  themselves  are  concerned,  they 
prove  either  a  great  extension  of  the  Arapahoe  and  Denver 
(post-Laramie  of  this  report),  or  a  distribution  of  the  fossils 
in  question  beyond  the  limits  of  what  may  be  properly 
termed  one  formation  or  horizon. 

In  the  following  paragraph  Cross  added : 

In  the  original  d^'ription  by  Prof.  Marsh  the  fossils 
were  said  to  have  been  obtained  in  ^*the  lAramie  of 
Wyoming"  or  **the  Ceratopa  beds  of  Wyoming."  It  is 
important  to  emphasize  the  fact  that  not  one  of  the  de- 
scribed species  came  from  the  typical  I^iramie  strata  of 
southern  Wyoming  or  from  their  demonstrated  equivalent. 

In  succeeding  years  Marsh**  continued  to 
publish  short  papers  on  the  Converse^County 
materia,  but  without  a  definite  indication  of 
locality,  the  only  statement  being  that  the 
fossils  were  ''from  the  Laramie"  or  ''from  the 
Ceratopa  beds  of  Wyoming.''  In  February, 
1893,  however.  Hatcher*"  published  a  short 
paper,  in  which,  for  the  first  timC;  complete 
and  definite  information  was  given  as  to  the 
locality  at  which  this  wonderful  vertebrate 
fauna  had  been  found,  as  well  as  a  description 
of  the  lithologic  character  and  stratigraphic 
occurrence  of  the  beds  containing  it,  and  also 
the  reasons  for  regarding  the  horizon  as  refer- 
able to  the  true  Laramie. 

The  typical  area  for  the  "  Ceratops  beds,'* 
which  have  since  become  classic,  was  stated  to 
be  in  the  northeastern  portion  of  Converse 
County,  now  included  in  Niobrara  County, 
which  Ues  on  the  eastern  border  of  Wyoming. 
These  beds  were  also  found  in  adjacent  portions 
of  Weston  County.  In  his  description  of  the 
deposits  Hatcher  said : 

"  Marsh,  O.  C,  Additional  characters  of  the  Ceratopsidae,  with  notice 
of  new  Cretaceous  dinosaurs:  Am.  Jour.  8ci.,  3d  ser.,  vol.  39,  p.  418, 
1S90;  The  gigantic  Ceratopsidae,  or  homed  dinosaurs  of  North  America: 
Idem,  vol.  41,  p.  167, 1891. 

••  Hatcher,  J.  B.,  The  Ceratopi  beds  of  Converse  County,  Wyo.:  Am. 
Joor.  Sd.,  3d  ser.,  vol.  45,  pp.  135-144,  1893. 


The  Ceratops  beds  are  made  up  of  alternating  aandstones, 
shalee,  and  lignites,  with  occasional  local  deposits  of  lime- 
stones and  marls.  The  different  strata  of  the  series  are 
not  always  continuous,  a  stratum  of  sandstone  giving  place 
to  one  of  shales,  and  vice  versa.  This  is  generally  true  of 
the  upper  two  thirds  of  the  beds.  ♦  ♦  ♦  The  shales 
are  quite  soft  and  loosely  compacted,  composed  mostly 
of  clay  with  more  or  less  sand  in  places.  The  prevailing 
color  is  dark  brown,  but  they  are  sometimes  red  or  bluish. 
«  *  *  rjj^Q  lignites  occur  in  thin  seams,  never  more 
than  a  few  inches  thick,  of  only  limited  extent,  and  with 
many  impurities.  *  *  *  All  the  deposits  of  the  *  *  Cera- 
tops beds*'  of  this  region  bear  evidence  of  having  been 
laid  down  in  fresh  waters.  Among  the  invertebrate 
fossils  found  in  them,  only  fresh- water  forms  are  known. 
There  is  no  evidence  that  marine  or  brackish  waters  have 
ever  had  access  to  this  region  since  the  recession  of  the 
former  at  the  close  of  the  Fox  Hills  period. 

As  regards  the  stratigraphic  position  of  the 
^'  Ceratops  beds/'  Hatcher  stat-ed  that  the 
lowest  exposed  member  of  the  section  was 
identified  by  its  numerous  invertebrates  as 
Pierre.  Overlying  this  was  an  alternating 
series  of  sandstones  and  shales  having  an  esti- 
mated thickness  of  500  feet  and  containing, 
especially  in  the  upper  portion,  an  abimdant 
invertebrate  fauna  pronoxmced  to  be  tyj)ically 
Fox  Hills.  Above  this  series  came  the  ^'  Cera- 
tops beds/'  which  had  an  estimated  thickness 
of  3,000  feet.    He  added: 

AH  the  beds  of  the  entire  section  are  conformable  and 
bear  evidence  of  a  continuous  deposition,  from  the  Fort 
Pierre  shales  up  through  the  Fox  Hills  sandstones  and 
overlying  fresh-water  Ceratops  beds.  The  Fort  Pierre 
shales  are  not  suddenly  replaced  by  the  Fox  Hills  sand- 
stones, but  the  transition  is  a  gradual  one,  and  it  is  impos- 
sible to  say  just  where  the  one  ends  and  the  other  begins. 
The  same  is  true  of  the  beds  overlying  the  Fox  Hills.  The 
thin  seam  of  hard  sandstone,  separating  the  fossil-bearing 
Fox  Hills  sandstones  below  from  the  very  similar  non- 
fossiliferous  sandstone  above,  is  here  regarded  as  the 
dividing  line  between  the  Fox  Hills  and  the  Ceratops 
beds.  But  this  decision,  it  must  be  admitted,  is  quite 
arbitrary,  and  the  evidence  in  its  favor  is  negative  rather 
than  positive.  The  only  reason  for  placing  the  overlying 
400  feet  of  nonfoesiliferous  sandstones  in  the  fresh-water 
series  is  the  absence  of  fossils  in  them. 

In  discussing  the  age  of  the  "  Ceratops  beds'' 
Hatcher  said : 

Owing  to  the  fact  that  very  few  vertebrates  had  pre- 
viously been  described  from  Uie  typical  Laramie,  as  first 
defined  by  Mr.  Clarence  King,  and  Uie  consequent  lack  of 
vertebrate  forms  known  to  have  come  from  the  Laramie 
for  comparison  with  those  found  in  the  Ceratops  beds,  it 
must  be  admitted  that  the  vertebrate  fauna  of  the  latter  is, 
in  itself,  at  present  not  sufiicient  proof  to  establish  the 
Laramie  age  of  the  Ceratops  beds. 
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Hatcher  r^ncluded,  however,  that  the  "  Cera- 
tops  beds"  should  be  referred  to  the  Laramie 
for  the  following  reasons: 

1.  They  confoniubly  overlie  the  Foi.  Hilla  eancUtonee 
and  contain  both  a  reptilian  and  a  mnnimul  [auoa,  with 
decided  Meeozoic  affinities.    >    •    > 

2.  Theyconbunaninvertebrate  fauna  compriaiDg  many 
foniu  identical  with  those  already  deecribed  rrom  the 
typical  Laramie,  some  ol  which  are  unknown  except  in 
the  Laramie. 

3.  They  immediately  and  conformably  overlie  the  Fox 
Hills  and  diow  evidence  of  a  continuoue  depoeitioD 
throu^  both  smes. 

In  1896  Ilatfher '  published  another  paper 
dealing  with  the  Converee  County  area,  in 
which  he  criticized  in  the  severest  manner 
Marsh's  statement  that  the  "  CertUops  beds" 
had  been  traced  some  800  miles  aloni;  the  east- 
em  flank  of  the  Rocky  Mountains.  Hatcher 
showed  that,  with  the  exception  of  a  single 
specimen  from  a  doubtful  locality,  all  the 
material  studied  by  Marsh  had  been  found  in 
the  Denver  Basin,  in  Converse  County,  or  in 
the  Judith  River  area.     He  said: 

Thew  are  very  widely  separated  localities,  and  no 
attempt  has  ever  been  made  to  trace  the  coalinuity  of  the 
strata  from  one  to  the  other,  nor  is  it  at  all  probable  thai 
such  an  sttempi  would  meet  with  success. 

Hatcher  also  questioned  Marsh's  statements 
that  the  "  Ceraiops  beds  "  are  below  the  upper- 
most beds  referred  to  the  Laramie  and  that 
they  rest  on  marine  beds  which  contain  in- 
vertebrate fossils  characteristic  of  the  Fox 
Hills'  deposits.  Although  his  comments  were 
somewhat  at  variance  with  his  former  state- 
ment, Hatcher  continued  as  follows: 

At  no  place  in  the  Converse  County  region  do  the  true 
Ceralopi  beds,  with  the  remains  of  homed  dinosaurs,  reet 
upon  true  marine  Fox  Hilla  sediments;  nor  are  the  Ceralopt 
beds  in  thia  r^on  overlain  by  strata  which  could  be  re- 
ferred without  doubt  to  the  Laramie.  The  writer  has,  in  a 
paper  published  in  the  American  Journal  of  .Science  of 
February.  1893,  stated  that  the  Ceralcpi  beds  rest  directly 
upon  the  Fox  HillB  seriefi  and  has  provisionally  referred 
the  very  similar  series  of  aandstonca  and  shales  conform- 
ably overlying  the  Ceralopt  beds  to  the  upper  Laramie;  but 
it  would  doubtlees  be  better  to  restrict  the  limils  of  the 
CeraUipi  beds  lo  those  alrata  in  which  homed  dinosaura 
occur,  and  toconflider  the  underlyiog  400  feet  of  barren 
iandatones  as  the  cqui\'alent  of  the  Judith  River  beds. 
Future  inveatigationa  will  doubtless  show  that  the  sand- 
stonee,  shales,  and  lignites  overlying  the  typical  Cemtop* 
beda  in  Converee  f'ounty  should  be  referred  to  the  Fori. 
Union  beds  and  nottothel^ramie.  as,  according  to  Knowl- 
ton,  the  limited  flora  sent  him  now  indicates. 


In  1896  T.  W.  SUnton  and  I  *  spent  several 
weeks  in  Converse  County  and  also  visited 
numerous  localities  in  Colorado,  Wyoming,  and 
Utah,  in  a  study  whose  object  was  stated  as 
follows: 

As  many  of  the  supposed  typical  Laramie  localities  had 
been  visited  and  studied  by  the  varioua  investigaton 
some  yean  ago,  before  the  recognition  of  the  Arapahoe, 
Denver,  and  Livin^ton  formations,  it  became  a  matter  of 
inlerot  and  importance  to  revisit  these  places  and  ascer- 
lain,  if  possible,  the  bearing  of  the  new  data  on  the  ques- 
tions of  their  distribution,  life.  etc. 

In  the  discussion  of  the  Converse  County 
area  in  this  paper  several  sections  were  given 
showing  especially  the  Fox  Hills  and  overlying 
"  Ceraiops  beds."  No  fossils  of  any  kind  were 
detected  in  the  400  feet  of  sandstones  men- 
tioned by  Hatcher  as  occurring  above  the 
highest  Fox  Hills  horizon,  but  just  above  these 
sandstones,  in  the  basal  portion  of  the  "  Ceraiops 
beds, "  though  apparently  below  any  remains  of 
dinosaurs,  a  few  brackish-water  invertebrates 
were  detected.  Particular  attention  was  de- 
voted to  the  "  Ceraiops  beds,"  and  numerous 
collections  of  invertebrates  and  plants  were 
hsted.  ' 

Regarding  the  interpretation  of  tlie  inverte- 
brate fauna,  the  followii^  statement  was  made: 

Of  the  18  identified  species  in  the  above  list  just  half 
occur  at  Black  Buttee,  Wyo.,  in  or  very  near  the  bed  that 
baa  yielded  tne  saurian  Agathaumat  lylvufrv  Cope.  The 
large  proportion  of  identical  forma  and  the  general  resem- 
blance of  the  entire  faunas,  especially  in  the  large  number 
and  great  differentiation  of  species  of  Unia,  makes  it 
reasonably  certain  that  the  Converse  County  and  Black 
Buttee  beds  are  on  nearly  the  same  horizon.  The  evidence 
of  the  vertebrate  fosBils  aeems  to  trend  in  the  same  direc- 
tion. It  will  be  shown  later  that  the  Black  Buttes  bed 
should  be  regarded  as  true  Laramie,  and  consequently 
the  aeries  now  under  consideration  is  placed  in  the  same 
cat^ory. 

The  plants,  of  which  25  forms  were  listed, 
were  compared  with  the  floras  of  various 
localities  then  supposed  to  be  of  Laramie  age, 
and  the  conclusion  was  reached  that  "as 
nearly  as  can  be  made  out,  the  plants  confirm 
the  Laramie  ago  of  the  Cfratij/i'^  beds." 

From  the  beds  conformabl}'  overlying  the 
highest  dinosaur-bearing  stratum  IS  species  of 
plants  were  obtained,  and  of  the  10  named 
species   9   proved   to   be   t3piciil   Fort   Union 
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forms,  and  heiive  thesti  beds  were  regarded  as 
of  Fort  Union  age. 

For  more  than  a  decade  after  the  Btudiea 
resulting  in  the  last-mentioned  paper  little  or 
no  active  geologic  work  waa  done  in  the 
Converse  County  area,  though  the  collecting 
of  the  remains  of  huge  dinosaurs  wa8  continued 
from  tjme  to  time  hy  several  persons.  In  the 
meantime,  however,  it  had  become  known  that 
the  ceratopsian  dinosaurs  that  were  so  abund- 
ant and  characteristic  in  the  Converse  County 
region  were  by  no  means  coniiued  to  that  area. 
In  1907  Bai-num  Brown,  of  the  American 
Museum  of  Natural  HUtory,  published  a  short 
paper'  in  which  he  recorded  their  abundant 
presence  ut  many  localities  in  Montana.  This 
discovery  wa.s  made  in  1901  by  William  T. 
Homad&y,  director  of  the  Bronx  Zoological 
Garden,  New  York,  while  hunting  in  the  bad- 
lands along  Missouri  River  north  of  Miles  City, 
Here  Dr.  Homaday  found  ii  number  of  large 
bones,  one  of  which  was  brought  home  and 
proved  to  be  the  tip  of  a  horn  of  the  large 
dinosaur  Triceratops.  From  1 902  to  1906 
Bronn  was  engaged  in  exploring. and  collect" 
iog  in  Montana.  The  principal  locality  was 
in  the  vicinity  of  Hell  Creek,  a  small  stream 
entering  the  Missouri  about  155  miles  northwest 
of  Miles  City,  but  the  same  dinosaur-bearing 
beds  were  found  on  Yellowstone  River  at 
Castle  Butte,  near  Forsyth,  at  Glendive,  at 
Ekalaka,  and  at  Hocket  post  ofhce,  from 
which  they  were  thought  (and  have  sinc«  been 
proved)  to  be  continuous  with  similar  dinosaur- 
bearing  beds  on  the  Little  Missouri  and  near 
Grand  and  Moreau  rivers  in  South  Dakota. 

The  dinosaur-bearing  beds  on  Hell  Creek, 
named  the  "Hell  Creek  beds"  by  Brown,  are 
described  as  resting  unconformably  on  fox 
Hills  beds  of  varying  thickness,  while  above 
and  repiesenting  an  uninterrupted  continua- 
tion of  them  is  a  lignite  series  referred  with 
question  to  the  Fort  tinion.  Above  this  series 
is  the  unquestioned  Fort  ITnion  with  a  char- 
acteristic flora.  In  discussing  the  irorrelation 
and  age  of  the  "Hell  Creek  beds"  Brown  wrote 
as  follows: 

LilhcJogically  the  Hell  Creek  beds  of  Mootsna  are  Buniltir 
ID  ftltDOBt  every  respect  to  the  Ceratopt  beds  of  Coaverse 
CouDty,  Wyo.    Moet  genera  and  many  species  of  verte- 


■  Brown,  Binium,  Tbe  Eetl  Creek  bi 
fonUiu:  Am.  Uiu.  Nat.  Blat.  Bull., ' 
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bratee  and  inveitebiatas  are  common  to  both  depodts, 
while  the  f  aunal  facias  may  be  considered  a  unit.  *  *  * 
They  are  therefore  considered  of  coutemporoneoua  depo- 
sition. 

Id  regard  to  the  age  of  these  beds  he  said: 

Strictly  following  Ring's  definition  of  the  Laramie, 
neither  of  these  deposits  can  be  considered  sh  michi  for 
neither  one  repreeents  a  continuous  sedimentation  from 
the  marine  Fox  Hills.  They  should  therefore  be  grouped 
with  the  Livingston,  Denver,  and  Arapahoe  beds  and  may 
be  considered  post-Laramie. 

Although  Brown  considered  the  "Hell  Creek 
beds"  as  post-Laramie  and  thus  comparable 
to  the  Arapahoe  and  Denver  formations  in  posi- 
tion, it  is  evident  from  the  title  of  his  paper 
that  he  still  regarded  them  as  Cretaceous, 

The  year  1907  waa  also  marked  by  the  pub- 
lication of  the  monograph  on  the  Ceratopsia  by 
Hatcher  and  Lull.'  This  comprehensive  treai- 
ise  was  mainly  the  work  of  Hatcher  and  had 
been  nearly  completed  at  the  time  of  his  death, 
July  3,  1901,  It  wa-s  compiled  and  edited  by 
Lull,  who  added  a  chapter  on  the  phylogeny, 
taxonomy,  distribution,  habits,  and  environ- 
ment of  the  Ceratopsia.  From  this  it  appears 
that  the  localities  then  known  for  the  so-called 
Laramie  Ceratopsia  were  Bl^ck  Buttes  and 
Converse  County,  Wye,  and  Hell  Creek,  Mont. 
The  Denver  localities  were  considered  imder  a 
separate  heading,  and  the  statement  was  made 
that  these  beds  (Arapahoe  and  Denver)  had 
been  "considered  to  be  of  post-l(aramie  ^e," 
It  was  of  course  held  that  all  the  localities 
which  had  afforded  the  "Laramie  Ceratopsia" 
belonged  to  the  Cretaceous. 

In  1905  the  United  States  Geological  Survey 
began  an  investigation  that  had  for  its  object 
the  classification  of  the  coal  lands  in  the 
public-land  States  of  the  West,  and  this  work 
has  been  continued  until  the  pre:4ent  time. 
The  plan  has  been  to  send  a  party,  usually  a 
small  one,  to  survey  a  definite  area  for  the 
purpose  of  ascertainii^  its  coal  resources  and 
incidentally  of  procuring  such  data  as  time  and 
opportunity  offered  on  the  general  geology  ol 
the  area.  In  this  manner  a  large  and  impor- 
tant body  of  facts  has  been  accumulated 
regarding  the  geology  of  regions  or  localities 
that  might  otherwise  have  remained  obscure 
or  imperfectly  known  for  an  indefinite  period. 

s  ol  the  Upper  Cretaceous  ol         '  Hatdier,  J.  B.,  and  Lull,  R.  3.,  TheCeratopslsi  V.  a.  Geol.  Survey 
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One  of  the  first  of  these  so-called  coal  reports 
was  made  by  A.  C.  Veatch  •  for  a  large  area  in 
southwestern  Wyoming,  though  the  coal  report 
was  expanded  int-o  a  complete  consideration 
of  the  geology  and  resources  of  the  region 
covered.  (See  p.  67.)  In  1906  this  work  was 
systematized  and  prosecuted  in  all  the  Rocky 
Mountain  States,  though  the  results  were  not 
published  until  1907. 

In  the  present  connection  the  report  by 
A.  G.  Leonard  •  on  the  coal  fields  of  parts  of 
Dawson,  Rosebud,  and  Custer  counties,  Mont., 
is  of  interest.  This  was  really  hardly  more 
than  a  reconnaissance  report  on  a  large  area 
lying  mainly*  between  Missouri  and  Yellow- 
stone rivers  and  .extending  from  Hell  Creek 
eastward  to  the  State  line.  Four  geologic 
formations  were  recognized  in  this  field — 
Pierre,  Fox  Ilills,  "dinosaur-bearing  beds" 
not  otherwise  named,  and  Fort  Union.  In 
some  places,  as  at  Glendive,  the  P^ox  Hills 
was  supposed  to  be  absent  and  the  overlying 
dinosaur-bearing  beds  rested  directly  on  tlie 
Pierre.  The  dinosaur-bearing  beds  were  de- 
scribed by  Ijeonai'd  as  follows: 

Heretofore  all  the  beds  above  the  marine  Pierre  shale 
have  been  regarded  as  belonging  to  a  single  formation 
which  carries  the  lignite  and  subbituminous  coal  beds  of 
this  field.  These  rocks  have  been  called  at  various  times 
''Laramie"  and  *'Fort  Union,"  on  the  supposition  that 
they  compose  but  a  single  formation.  The  work  of  the 
last  year,  however,  has  shown  that  at  Glendive  the  rocks 
above  the  Pierre  shale  apparently  comprise  two  forma- 
tions. *  *  *  The  beds  are  strikingly  similar  to  the 
dinosaur-bearing  beds  [="Hell  Creek  beds"  of  Brown] 
on  Hell  Greek,  and  presumably  they  are  identical. 

The  Fort  Union  was  everywhere  conform- 
ably above  the  ''dinosaur-bearing  beds"  and 
was  described  as  ''  readily  distinguished  by  the 
light-gray  and  buff  color  of  its  beds." 

The  economic  coal  investigations,  which  have 
a  more  or  less  direct  bearing  on  the  present 
problem,  were  continued  in  1907,  and  the  re- 
sults were  published  in  1909.'  A.  G.  Leonard 
and  Carl  D.  Smith  reported  on  the  Sentinel 
Butte  lignite  field,  in  North  Dakota  and  Mon- 
tana, where  they  found  only  the  Fort  Union 
formation.  Arthur  J.  Collier  and  Carl  D. 
Smith  reported  on  the  Miles  City  coal  field,  in 
Montana,  where  also  only  the  Fort  Union  was 
recognized,  though  the  lower  500  feet  of  beds 

*  0«ofrapby  and  geology  of  a  portion  of  southwestern  Wyoming,  with 
special  reference  to  coal  and  oil:  U.  S.  Oeol.  Survey  Prof.  Paper  56, 1007. 

•  U.  S.  Oeol.  Surrey  Bull.  316,  p.  194, 1907. 
f  U.  8.  OeoL  Surrey  Bull.  341, 1909. 


[the  equivalent  of  the  ** dinosaur-bearing  beds" 
of  the  Glendive  section]  was  described  as  show- 
ing a  marked  lithologic  difference.  In  the  main 
only  the  Fort  Union  was  described  by  L.  H. 
Woolsey  in  his  account  of  the  Bull  Mountain 
coal  field,  in  Montana,  though  he  mentioned 
briefly  certain  beds  on  Dean  Creek  and  an  olive- 
green  shale  which  he  regarded  as  being  beneath 
the  Fort  Union.  In  the  report  on  coal  near 
the  Crazy  Mountains,  Mont.,  R.  W.  Stone  rec- 
ognized the  marine  Cretaceous  section  as  de- 
fined by  Stanton  and  Hatcher  for  the  Judith 
River  area  (see  p.  77),  and  above  this,  in  as- 
cending order,  the  Laramie,  Livingston,  and 
Fort  Union  formations.  In  his  report  on  the 
Red  Lodge  coal  field,  Mont.,  E.  G.  Woodruff 
referred  the  whole  visible  section  of  8,000 
feet  to  the  Fort  Union,  as  did  J.  A.  Taff  the 
coal-bearing  section  in  the  Sheridan  coal  field, 
Wyo.  On  the  southwest  side  of  the  Big 
Horn  Basin  of  Wyoming  Woodruff  identified  as 
Laramie  (?)  a  series  of  sandstones  and  shales 
overlying  the  Montana  group.  This  series  was 
said  to  contain  invertebrates  'belonging  to  a 
fauna  characteristic  of  the  "  Ceratops  beds.^' 
Woodruff  said : 

As  the  stratigraphic  poeition  of  theae  beds  [''Ceraiops 
beds"]  is  not  definitely  determined,  the  name  Laramie  is 
applied  because  the  Laramie  formation  occupies  a  position 
in  the  geologic  column  between  the  Montana/ and  Fort 
Union.  ♦  ♦  ♦  The  name,  however,  should  not  be  con- 
sidered as  indicative  of  a  positive  correlation  with  beds 
of  Laramie  age  to  the  south. 

The  Laramie  was  also  tentatively  recognized 
by  C.  W.  Washbume  on  the  northeast  side  of 
the  Big  Horn  Basin,  though  the  evidence  aside 
from  position  was  not  very  clearly  stated. 

Up  to  1909  there  had  been  no  formal,  pub- 
lished protest  against  the  reference  of  the 
^^Ceratops  beds"  to  the  Cretaceous,  although 
several  writers  had  indicated  that  in  certain 
areas  the  stratigraphic  relations  of  the  dinosaur- 
bearing  beds  were  such  that  they  were  at  vari- 
ance with  the  original  definition  of  the  Laramie. 
In  this  year  I  published  a  paper*  under  the 
title  "The  stratigraphic  relations  and  paleon- 
tology of  the  'Hell  Creek  beds/  'Ceratops  beds,' 
and  equivalents,  and  their  reference  to  the 
Fort  Union  formation,"  in  which  the  following 
was  given  as  the  thesis : 

The  present  paper  deals  with  the  extensive  series  of 
fresh-water  deposits  of  the  Northwest,  comprising  what  is 

•  Knowlton,  F.  H.,  Washington  Acad.  Scl.  Proc.,  vol.  2,  pp.  179-23S. 
1900. 
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here  considered  as  the  Fort  Union  formation.  It  is  shown 
that  the  Fort  Union  embraces  more  than  has  been  com- 
monly assigned  to  it.  Oonformablv  below  the  beds  by 
some  geologists  considered  as  the  true  Fort  Union  occur 
dark-colored  sandstones,  clays,  and  shales,  which  have 
often  been  incorrectly  referred  to  the  Laramie  or  its  equiva- 
lent but  which  are  stratigraphically  and  paleontologically 
distinct  from  the  Laramie,  and  the  contention  is  here 
made  that  these  beds,  which  include  the  '^Hell  Creek 
beds''  and  so-called  "somber  beds"  of  Montana,  the 
^^Ceratops  beds"  or  "Lance  Creek  beds"  of  Wyoming,  and 
their  stratigraphic  and  paleontologic  equivalents  else- 
where, are  to  be  regarded  as  constituting  the  lower  member 
of  the  Fort  Union  formation  and  are  Eocene  in  age. 

In  this  paper  a  brief  historical  summary  of 
the  Fort  Union  formation  was  followed  by  an 
account  of  its  areal  distribution  and  lithologic 
character,  in  which  I  held  that  it  may  be 
divided  into  two  members.  The  areal  distri- 
bution and  paleontologic  contents  of  the  lower 
or  dinosaur-bearing  member  were  given  as 
completely  as  available  facts  then  warranted. 
The  distribution  included  the  following  areas 
in  Montana:  Hell  Creek,  Miles  City  and  vicin- 
ity, Forsyth,  Custer,  Bull  Mountains,  Mel- 
ville, Red  Lodge,  Qlendive,  and  from  Glendive 
to  Medora,  N.  Dak.  Several  areas  in  North 
Dakota  were  discussed,  as  well  as  a  probable 
area  (since  confirmed)  in  northwestern  South 
Dakota.  Thence  the  formation  was  traced  to 
Weston  County,  Wyo.,  and  thence  northward 
to  connect  with  the  area  at  Miles  City,  Mont. 
Other  areas  in  Wyoming  were  Converse  County, 
a  great  region  east  of  the  Big  Horn  Mountains, 
and  the  Big  Horn  Basin.  Thus  it  was  shown 
that  the  ^^CercUops  beds,"  originally  supposed 
to  occur  only  in  Converse  County,  Wyo.,  really 
occupy  a  vast  area  distributed  over  four  great 
States. 

The  essential  results  claimed  in  this  paper 
were  sufficiently  set  forth  in  the  ^'summary  and 
conclusions,"  as  follows: 

1.  The  Fort  Union  formation  is  a  fresh -water  Tertiary 
formation  of  wide  areal  extent,  mainly  east  of  the  Rocky 
Mountains,  ranging  from  Wyoming  and  western  South 
Dakota  over  western  North  Dakota,  eastern  and  central 
Montana,  the  central  Canadian  Provinces,  and  reaching 
the  valley  of  the  Mackenzie  River. 

2.  It  is  shown  that  the  Fort  Union  formation  may  be 
separated  into  two  members  on  lithologic  grounds.  The 
present  paper  deals  only  or  largely  with  the  stratigraphy 
and  paleontology  of  the  lower  member,  which  includes 
the  ''Hell  Creek  beds"  and  so-called  "somber  beds"  of 
Montana  and  the  ^^Ceratops  beds"  of  Wyoming. 

3.  The  areal  distribution  of  the  lower  member  is  traced 
in  Montana,  North  and   South   Dakota,  and  Wyoming, 


and  its  probable  extension  in  other  areas  is  indicated. 
Complete  lists  of  the  fossil  plants  are  given  by  localities 
for  each  of  the  areas. 

4.  It  is  shown  that  the  lower  member  rests,  in  some 
cases  unconformably,  in  others  in  apparent  conformity, 
on  the  Fox  Hills  or  Pierre,  and  the  conclusion  is  reached 
that  an  erosional  interval  is  indicated  during  which  the 
Laramie — if  ever  present — and  other  Cretaceous  and  early 
Tertiary  sediments  were  removed. 

5.  It  is  shown  that  the  beds  under  consideration,  being 
above  an  unconformity,  can  no  longer  be  considered  as  a 
part  of  the  "conformable  Cretaceous  series"  and  hence 
are  not  Laramie. 

6.  It  is  shown  that  the  two  members  of  the  Fort  Union, 
although  usually  distinct  lithologically,  can  not  be  sepa- 
rated structurally,  sedimentation  having  been  uninter- 
rupted, except  locally. 

7.  The  paleontological  elements  of  the  lower  members 
are  considered  at  length,  beginning  with  the  plants.  It 
is  shown  that  of  the  84  known  species,  61  are  common  to 
the  upper  member,  and  only  11  species  to  the  Laramie  of 
Colorado,  while  15  species  are  common  to  other  American 
Eocene,  and  9  species  to  the  Miocene.  The  Eocene  age 
of  the  Fort  Union  is  fixed  by  tying  its  flora  to  that  of  vari- 
ous Old  World  beds  of  known  Eocene  position. 

8.  The  invertebrate  evidence  is  shown  to  be  in  sub- 
stantial accord  with  that  of  the  plants,  there  being  only  4 
of  the  49  species  common  to  the  Colorado  Laramie.  All, 
with  a  single  possible  exception,  are  fresh-water  forms. 

9.  It  is  shown  that  the  vertebrates  afford  no  positive  evi- 
dence of  Cretaceous  age.  That  the  dinosaurs  exhibit 
Cretaceous  affinities  is  not  denied,  since,  being  without 
known  descendants,  it  is  possible  to  compare  them  only 
with  their  progenitors.  It  has  been  proved  beyond 
question  that  they  survived  the  profound  erogenic  move- 
ment and  attendant  physical  break  at  the  top  of  the 
Laramie  in  the  Denver  Basin  of  Colorado  and  lived  on  in 
Arapahoe  and  Denver  time,  and  it  is  shown  that  in  the 
areas  considered  in  this  paper  they  passed  over  a  similar 
erosional  interval  and  are  found  in  association  with  the 
Fort  Union  flora,  which  is  of  Eocene  age. 

10.  The  mammals  of  the  lower  Fort  Union  show  very 
little  relationship  with  Jurassic  or  Cretaceous  forms  but 
find  their  closest  affinities  with  those  of  the  Puerco  and 
Torrejon,  which  are  of  acknowledged  Eocene  age. 

11.  The  chelonians  are  shown  to  be  of  little  value  in 
their  bearing  on  the  age  of  the  lower  Fort  Union,  especially 
when  compared  with  the  Judith  River  forms,  which  are 
evidently  in  confusion. 

12.  It  is  held  that  the  line  between  Cretaceous  and 
Tertiary  should  be  drawn  at  the  top  of  the  true  Laramie. 

13.  The  final  conclusion  is  reached  that  the  beds  here 
considered  ("Hell  Creek  beds,*'  "somber  beds,"  ''Ceratops 
beds,"  "Laramie"  of  many  writers)  are  stratigraphically, 
structurally,  and  paleontologically  inseparable  from  the 
Fort  Union  and  are  Eocene  in  age. 

The  above-mentioned  paper  was  followed 
almost  immediately  by  a  paper  by  T.  W. 
Stanton,'  entitled  *'The  age  and  stratigraphic 
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relations  of  the  'Ceralopa  beds'  of  Wyoming 
and  Montana."  The  thesis  of  this  paper  was 
stated  as  follows: 

The  purpose  of  the  present  paper  is  to  show  that  some 
of  the  (Utft  already  used  in  the  discusdoD  [by  Knowlton, 
Croes,  and  others]  are  capable  of  a  different  interpretation 
and  to  call  attention  to  some  additional  facta  which 
ought  to  be  fully  considered  before  a  final  verdict  is 
reached.  All  are  agreed  that  the  sti&ta  in  question  ore 
neu-  the  boundary  between  Cretaceous  and  Tertiary. 
Hy  opinion  is  that  the  greater  wei^t  of  evidence  places 
them  on  the  Cretaceous  side. 

Under  the  head  of  "local  stratigraphy  and 
paleontology"  Stanton  reviewed  a  number  of 
the  areas  in  Wyoming  and  Montana  con- 
sidered in  my  paper  and  set  forth  his  own 
field  observations  and  interpretation  of  the 
stratigraphic  and  paleontologic  conditions.  In 
summarizing  these  data  Stanton  said : 

It  has  been  shown  that,  within  the  large  area  considered, 
the  "Ceratojtt  beds"  with  the  TViwroIopt  fauna  are  always 
pretty  closely  associated  with  the  uppermost  Cretaceous 
stmta  or  are  separated  from  them  by  transitional  brackieh- 
water  beds.  They  are  always  overlain  by  a  thick  seriee 
of  rocks  containing  a  Fort  Union  flora  in  which  no  dino- 
saurian  remains  have  been  foiibd,  and  in  the  Fish  Creek, 
Hont.,  region  this  overlying  series  also  contains  primitive 
mammals  related  to  those  of  the  Puerco  and  Torrejou 
faunae.  Throughout  a  large  part  of  the  area  no  evidence 
of  an  unconformity  beneath  the  "CeroCojw  beds"  has  been 
found,  while  higher  in  the  section  unconformities  have 
been  demonstrated  or  suggested  at  a  number  of  placee. 
Unconformities  have  been  reported  below  the  "  Ceratoju 
beds"  on  Hell  Creek,  Mont.,  on  the  Little  Missouri,  in 
North  Dakota,  and  in  Weeton  County,  Wyo.,  but  in  none 
of  these  cases  has  any  proof  been  furnished  that  the  erosion 
interval  is  important.      ' 

The  conclusions  reached  in  tiiis  paper  are 
given  as  follows: 

In  the  interior  region  of  North  America  the  formatioiw 
between  the  uppermoet  marine  Cretaceous  and  the 
Wasatch  ti^ther  constitute  a  real  tranattion  from  the 
Cretaceous  to  the  Teritory. 

Notwithstanding  the  fact  that  there  are  seveml  local 
unconformities  at  various  horizons  and  perhaps  some  of 
more  general  distribution,  there  is  no  concIuEdve  evidence 
that  any  one  of  these  repreoenta  a  very  long  period  of 
erosion  not  represented  by  sediments  elsewhere  in  the 

The  Fort  Union  formation,  properly  restricted,  is  of 
early  Eocene  age,  the  determination  resting  chiefly  on  its 
stratigraphic  position  and  its  primitive  mammalian 
fauna,  which  is  related  to  the  earliest  Eocene  fauna  of 
Europe.  The  very  modem  character  of  the  flora  tends 
to  confirm  this  correlation. 

The  "Centopt  beds"  are  of  Cretaceous  age  as  decided 
by  stratigraphic  relations,  by  the  pronounced  Mesozoic 


character  of  the  vertebrate  fauna  with  absence  of  all 
Tertiary  types,  and  by  the  close  relations  of  the  inverte- 
brate fauna  with  the  Cretaceous.  The  relation  of  the 
flora  with  Eocene  floras  is  believed  to  be  leas  important 
than  this  faunal  and  stratigraphic  evidence.  Taken  in 
their  whole  areal  extent,  they  probably  include  equiva- 
lents of  the  Laramie,  Arapahoe,  and  Denver  formations 
of  the  Denver  Basin. 

Hay  '"  also  published  a  paper  in  1909  on  tiie 
position  and  age  of  the  "Ceratops  beds,"  in 
which,  after  comparing  the  fauna  of  these  beds 
with  those  of  the  Judith  River,  Puerco,  Torre- 
jon,  and  several  European  formations,  he  con- 
cluded as  follows: 

1.  The  aitswer  that  the  writer  would  give  to  the  ques- 
tion at  the  head  of  this  paper  is  that  the  Lance  Creek 
beds  belong  to  the  Upper  Cretaceous. 

2.  In  the  Upper  Cretaceous  ought  to  be  included  also 
the  Puerco  and  not  improbably  also  the  Torrejon  and 
Fort  Union. 

3.  In  case  of  a  conflict  between  the  evidence  furnished 
by  the  flOTa  and  the  fauna  of  the  Lance  Creek  beds  and 
those  of  the  Fort  Union  respectively,  the  evidence  ob- 
tAined  from  the  fauns  is  to  be  preferred,  as  being  part  of 
a  more  complete  and  better  understood  history.  Present 
knowledge  regarding  plants  se^ns  to  indicate  that  they 
were  precocious,  having  reached  something  like  their 
present  stage  of  development  long  before  mammals  at- 
tained anything  like  thdr  present  stages  of  diSereDtia- 
tion.  There  are  also  indications  that  the  floras  of  the 
western  world  were,  during  the  Cretaceous,  considerably 
in  advance  of  those  of  Europe. 

4.  Even  if  it  were  concluded  that  the  Port  Union  be- 
longs to  the  Tertiary,  and  that  the  fauna  and  flora  of  the 
Lance  Creek  epoch  are  more  closely  related  to  those  of 
the  Fort  Union  than  they  are  to  thoee  of  the  Judith  River, 
it  does  not  follow  that  the  Lance  Creek  epoch  must  be 
included  in  the  Tertiary.  A  quarter  before  midnight  on 
Monday  is  much  nearer  to  Tuesday  than  it  is  to  the  pre- 
vious 6  o'clock;  nevertheless,  it  is  not  yet  Tuesday. 

The  work  of  the  United  States  Geological 
Survey  in  classifying  the  coal  lands  was 
continued  in  1908,  though  the  results  of  this 
year's  investigations  were  not  published  until 
1910."  It  is  noteworthy  that  in  the  areas 
falling  within  the  scope  of  the  present  review 
the  Fort  Union  has  come  to  be  placed  un- 
qualifiedly in  the  Tertiary. 

In  the  volume  cited  R-  W.  Richards  has  a 
paper  under  the  title  "The  central  part  of  the 
Bull  Mountain  coal  field,  Mont.,"  in  which 
the  stratigraphic  relations  are  set  forth  in  the 
following  table: 
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Stratigraphy  of  the  central  part  of  the  Bull  Mountain  coal 

field f  Mont. 


System. 

Formation. 

Thick- 
ness 
(feet). 

Description. 

Tertiary... 
(?)... 

Fort  Union. 

1,650 
200-300 

1,480 

Yellowish  sandstones 
and  shales  inter- 
stratified  with  lignite 
beds. 

Somber-colored    shale 

Cretaceous. 

rLaramie  (?) 
Bear  paw. . . 

and  coarse  yellow 
sandstones  witn  beds 
of  carbonaceous  sand- 
stone and  shale. 

Alternating  gray  sand- 
stones  and  clay 
shales,  with  thin  coal 
beds. 

Gray  to  brown  shales 
and  clay. 

The  Laramie  (?)  was  regarded  as  the  equiv- 
alent of  the  ''somber  beds"  of  the  Miles  City 
field. 

The  Buffalo  coal  field,  Wyo.,  was  described 
in  this  bulletin  by  H.  S.  Gale  and  C.  H.  Wege- 
mann.  In  this  area  the  dinosaur-bearing  beds 
were  referred  to  the  so-called  Piney  formation, 
which  was  said  to  be  pre-Tertiary  or  Cretaceous 
[both  terms  are  used  in  the  report],  though  some 
doubt  was  expressed  as  to  whether  this  designa- 
tion would  prove  to  be  correct. 

In  1910  T.  W.  Stanton"  published  a  short 
paper  dealmg  with  this  subject  and  recording 
new  field  data  from  areas  in  the  Dakotas  and 
eastern  Wyoming.  The  term  Lance  formation^ 
which  has  now  come  into  such  general  usage, 
was  here  published  for  the  first  time  and  was 
specifically  stated  to  be  a  substitute  for  the 
old  terms  ^^Ceratops  beds,''  ''Lance  Creek  beds," 
and  equivalents.  Of  the  three  areas  discussed 
in  this  paper  the  one  first  considered  was  the 
Standing  Rock  and  Cheyenne  River  Indian 
Reservation,  or  the  region  between  Grand  and 
Cannonball  rivers  in  North  and  South  Dakota. 
In  this  area  attention  was  directed  principally 
to  the  Fox  Hills  sandstone  and  its  contrast 
with  overlying  beds,  and  a  number  of  sections 
were  given,  together  with  lists  of  the  inverte- 
brates found.     Stanton  said: 

At  the  top  of  the  Fox  Hills  sandstone  with  its  purely 
marine  fauna  there  is  a  rather  thin  but  widely  distributed 
bracldsh-water  bed,  which  contains  Ostrea^  Anomia,  Car- 
QicuUif  Melania^  etc.,  in  great  abundance.     The  zone  in 

u  Fox  Hills  sandstone  and  Lance  formation  ("  Ceratops  beds")  in  South 
Dakota,  North  Dakota,  and  eastern  Wyoming:  Am.  Jour.  Sd.,  4th  ser., 
vol.  30,  pp.  172-188,  1910. 


which  this  fauna  occurs  varies  in  thickness  from  3  or  4  feet 
up  to  40  feet  and  is  lithologically  very  similar  to  the  under- 
lying marine  beds,  but  its  base  is  irregular  at  many  places 
and  shows  channeling  and  other  evidences  of  erosion.  It 
was  therefore  regarded  by  the  field  geologists  as  the  basal 
member  of  the  overlying  Lance  formation  resting  uncon- 
formably  on  the  Fox  Hills.  In  the  study  of  this  brackish- 
water  bed  evidence  was  found  at  several  localities,  dis- 
tributed over  a  considerable  area,  that  there  is  a  distinct 
transition  without  a  break  of  any  importance  between  the 
marine  Fox  Hills  sandstone  and  the  brackish-water  de- 
posit. The  paleontologic  evidence  consists  of  distinctive 
Fox  Hills  species  belonging  to  such  marine  genera  m 
ScaphiteSf  Luna:tiaf  and  Tancredia^  found  directly  associated 
in  the  same  bed  with  the  brackish- water  forms  and  occur- 
ring with  them  in  such  a  way  that  they  must  have  lived 
together  or  near  each  other  and  been  embedded  at  the 
same  time. 

The  second  area  included  the  valley  of  the 
Little  Missouri  from  Marmarth  to  Yule,  N. 
Dak.  The  point  emphasized  with  reference  to 
this  area  was  the  finding  of  an  oyster  bed  some 
500  feet  above  the  base  of  the  Lance  formation 
and  above  all  the  dinosaurs  that  have  been 
found  in  the  region. 

The  Lance  Creek  area  in  Converse  Coimty, 
Wyo.,  which  had  been  reexamined  in  company 
with  M.  R.  Campbell  and  R.  W.  Stone,  was  the 
third  area  considered.  Of  this  area  Stanton 
said : 

Our  principal  contribution  to  the  knowledge  of  the 
stratigraphy  of  the  area  was  the  discovery  that  the  marine 
Fox  Hills  deposits  extend  about  400  feet  higher  than  had 
previously  been  determined,  and  that  nonmarine  coal- 
forming  conditions  were  temporarily  inaugurated  here 
before  the  close  of  Fox  Hills  time. 

In  conclusion  Stanton  wrote: 

The  three  areas  discussed  in  this  paper,  taken  together, 
tell  a  story  of  gradually  changing  conditions  near  the  end 
of  the  Cretaceous,  when  the  uplift  of  the  Rocky  Mountain 
region  was  draining  the  interior  sea.  The  uplift  was  not 
uniform  nor  continuous,  and  the  emeigence  above  sea 
level  could  not  have  been  simultaneous  for  all  localities 
throughout  the  region.  *  *  *  The  bearing  which  the 
facts  here  presented  have  on  the  Laramie  problem  is  self- 
evident.  If  it  is  true  that  there  is  a  transition  with  prac- 
tically continuous  sedimentation  from  the  Fox  Hills  sand- 
stone into  the  Lance  formation  in  the  region  discussed, 
then  the  Lance  formation  includes  or  forms  part  of  the 
Laramie. 

The  first  published  official  statement  showing 
that  the  discussion  concerning  the  age  of  the 
Lance  formation  was  having  its  effect  is  to  be 
noted  in  a  short  report  on  the  eastern  part  of 
the  Bull  Mountain  coal  field,  Mont.,  by  C.  T. 
Lupton.*'    Here  for  the  first  time  the  Lance 

u  U.  S.  Oeol.  Survey  Bull.  431,  p.  163, 1911. 
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formation  was  classed  as  ''Cretaceous  or  Ter- 
tiary.'' 

In  May,  1911,  I  published  a  short  paper" 
entitled  ''Further  data  on  the  stratigraphic 
position  of  the  Lance  formation  VCeratops 
beds*),"  which  gave  the  results  of  the  work  of 
the  two  field  seasons  that  had  intervened  since 
the  publication  of  my  first  paper  on  this  sub- 
ject. What  was  then  thought  to  be  the  most 
important  result  recorded  was  the  finding  in 
Carbon  County,  Wyo.,  of  the  remains  of  Tri- 
ceratops  in  the  so-called  "Upper  Laramie"  of 
Veatch,  above  the  supposed  profound  uncon- 
formity as  described  and  mapped  by  him. 
After  describing  this  occurrence  I  made  the 
following  statement: 

Since,  with  the  exception  of  their  occurrence  in  the 
poet-Laramie  deposits  of  the  Denver  Basin,  the  remains 
of  Triceratop$  have  never  been  found  outside  the  Lance 
formation,  the  finding  of  Triceratopa  at  this  point  is  of 
far-reaching  importance.  It  shows  that  not  only  are  the 
beds  containing  them  above  more  than  6,000  feet  of 
'* Laramie"  rocks  (the  basal  portion  of  which  is  almost 
certainly  of  Fox  Hills  age),  but  also  that  they  are  separated 
from  the  '* Laramie"  ["Lower  Laramie"]  by  an  uncon. 
formity,  which,  according  to  Veatch,  is  profound  and  has 
involved  the  removal  of  perhaps  as  much  as  20,000  feet 
of  sediments.  This  would  seem  effectively  to  dispose  of 
the  contention  that  the  Lance  formation  ['^  Ceratops  beds'*] 
is  the  equivalent  of  the  Laramie. 

Another  part  of  this  paper  was  an  important 
contribution  of  several  pages  by  W.  R.  Calvert, 
on  the  stratigraphic  relations  in  the  old  Stand- 
ing Rock  and  Cheyenne  Indian  Reservation,  in 
South  and  North  Dakota,  as  observed  by  him 
and  by  the  parties  under  his  charge.  In  this 
contribution  particular  attention  was  devoted 
to  the  Fox  Hills  and  the  overlying  I-.ance 
formation.  Calvert  said:  "As  a  result  of  field 
study  by  Pishel,  Bamett,  and  the  writer,  it 
seams  certain  that  the  line  between  the  Fox 
Hills  sandstone  and  the  Lance  formation  is 
marked  by  an  unconformity."  Calvert  pointed 
out  that  the  Fox  Hills  has  a  maximum  thick- 
ness of  200  feet  in  this  region,  but  it  was  found 
to  vary  greatly,  and  in  some  places  it  was 
entirely  absent,  the  Lance  formation  resting  on 
the  Pierre.  Angular  as  well  as  erosional  dis- 
cordances between  the  two  were  noted. 

Calvert  was  of  the  opinion  that  the  reported 
occurrence  of  Fox  Hills  invertebrates  in  the 
lower  part  of  the  Lance 


may  be  looked  at  from  two  divergent  points  of  view.  Be 
cause  Fox  Hills  fossils  occur  in  the  lignitic  shales  at  the 
base  of  the  "somber  beds"  and  mingled  with  the  brackish- 
water  types  of  the  Lance  formation  is  not  necessarily  proof 
positive  that  the  various  faunas  lived  at  the  same  time,  for 
if  the  deposition  of  the  Fox  Hills  was  followed  by  a  definite 
erosion  interval,  what  is  more  probable  than  that  in  the 
deposition  of  succeeding  strata  fossil  shells  would  be 
eroded  from  the  marine  beds  and  carried  into  the  channels, 
there  to  mingle  with  the  then  living  brackish-water  fauna 
of  the  Lance  formation? 

The  conclusions  reached  in  this  paper  were  in 

part  as  follows: 

It  has  now  been  demonstrated  that  the  Lance  formation 
is  everywhere  followed  conformably  by  the  acknowledged 
Fort  Union — that  is  to  say,  sedimentation  from  one  to  the 
other  was  continuous  and  uninterrupted. 

The  unconformable  relations  between  the 
Lance  formation  and  underlying  formations 
having  been  demonstrated  at  so  many  points, 
it  could  onlv  be  concluded  that  this 

unconformity  is  undoubtedly  one  of  importance,  and  this 
would  seem  to  dispose  of  the  contention  that  the  Lance, 
Arapahoe,  and  Denver  formations  may  be  mere  *' phases 
of  I>aramie."  *  «  ♦  xhis  point  becomes  more  clearly 
than  ever  the  logical  point  at  which  to  draw  the  line  be- 
tween Cretaceous  and  Jertiary. 

Later  in  1911  I  published  a  short  note" 
under  the  caption  ''Whore  are  the  Laramie 
dinosaurs  ?*'  In  this  note  the  facts  regarding 
the  relations  between  the  Laramie  and  liance 
formations,  as  recorded  in  previous  papers, 
were  briefly  set  forth,  and  I  concluded  with  the 
foUowmg  paragraph: 

The  vertebrate  paleontologists  continue  to  refer  to  the 
''Ceratops  beds"  as  the  "Laramie,"  the  "Laramie  Creta- 
ceous," etc.,  as  though  nothing  had  been  ascertained  re- 
garding their  position  since  they  were  named  25  years  ago. 
If  there  is  valid  evidence  to  show  that  the  Lance  formation 
{''Ceratops  beds")  is  the  equivalent  to  the  Laramie  in 
whole  or  in  any  part,  it  would  be  welcome.  If  there  is  a 
known  locality  where  dinosaurs  (Ceratopeidae)  occur  in  the 
true  Laramie,  information  concerning  it  should  not  longer 
be  withheld. 

The  report  on  the  work  of  the  United  States 
Geological  Survey  on  mineral  fuels  for  the 
year  1910,  published  in  1912,*'  contains  many 
short  papers  and  preliminary  reports  relating 
to  Rocky  Mountain  areas,  here  under  consider- 
ation.    In  these  papers,  by  Pishel,*^  Calvert,^* 


»« Jour.  Geology,  vol.  1^,  pp.  35^-376, 1911. 


u  Science,  imw  ser.,  vol.  34,  p.  320, 1911. 

!•  U.  S.  Oeof  Survey  Bull.  471, 1912. 

I'  Pishel,  M.  A.,  Lignite  in  the  Fort  Berthold  Indian  ReservaUoD,.N. 
Dak.:  Idem,  p.  170. 

"Calvert,  W.  R.,  Geology  of  certain  lignite  fields  in  eastern  Mon- 
tana: Idem,  p.  187. 
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Bowen/*  Herald,*®  Hance,"  Stebinger," 
Beekly,**  Wegemann,'*  Winchester,'*  and 
others,  the  Lance  formation  was  uniformly 
classed  as  "Cretaceous  or  Tertiary."  It  is  not 
necessary  to  refer  to  these  papers  in  detail, 
except  to  that  of  Calvert,  in  which  he  recorded 
certain  facts  of  importance  relating  to  a  large 
area  in  eastern  Montana.  He  divided  the 
Lance  formation  of  this  area  into  two  parts — 
a  lower  sandstone  member,  immediately  over- 
lying'the  Pierre  and  named  the  Colgate  sand- 
stone member,  and  an  upper  or  undivided 
portion.  As  regards  the  line  between  the 
Lance  and  the  overlying  Fort  Union  he  said: 

In  the  area  mapped  the  upper  limit  of  the  Lance  forma- 
tion can  not  be  based  on  lithologic  grounds  but  must 
instead  be  dependent  upon  the  occurrence  of  fossil  Cera- 
topsia  bones.  In  the  area  treated  in  this  report  the  highest 
horizon  at  which  these  bones  were  found  is  just  above  the 
lower  persistent  lignite  bed,  but  there  is  certainly  nothing 
in  the  character  of  the  overlying  strata  to  suggest  that 
similar  bones  do  not  occur  therein  up  through  a  strati- 
graphic  distance  of  perhaps  500  feet.  ♦  ♦  *  As  a  result 
of  these  conditions  no  attempt  is  made  on  the  index  map 
or  on  the  maps  of  the  various  areas  treated  in  this  report 
to  differentiate  the  Lance  formation  from  the  overlying 
strata  described  in  connection  with  the  Fort  Union  forma- 
tion. *  *  *  In  other  words,  the  area  bounded  on  one 
side  by  the  contact  between  the  Pierre  shale  and  the 
Colgate  sandstone  member  and  on  the  other  side  by  the 
outcrop  of  the  lowest  persistent  lignite  bed  represents  the 
distribution  of  the  Lance  formation  as  mapped  in  this  field. 
In  this  connection,  however,  it  can  not  be  emphasized  too 
strongly  that  the  upper  limit  adopted  is  merely  suggestive, 
as  the  finding  of  Tnceratops  bones  higher  in  the  section 
will  necessitate  an  upward  extension  of  the  formation. 

At  the  meeting  of  the  Paleontological  Society 
in  Princeton,  N.  J.,  December  31,  1913,  and 
January  1,  1914,  there  was  held  a  symposium 
on  the  *' Close  of  the  Cretaceous  and  opening 
of  Eocene  time  in  North  America,"  which  was 
briefly  introduced  by  Henry  Fairfield  Osborn, 
and  in  which  Messrs.  Knowlton,  Stanton, 
Brown,  Matthew,  and  Sinclair  participated. 

u  Bowen,  C.  F.,  The  Baker  lignite  field,  Custer  County,  Mont.:  Idem, 
p.  202. 

••  Herald,  F.  A.,  The  Terry  lignite  field,  Custer  County,  Mont.:  Idem, 
p.  227. 

»  Hance,  J.  H.,  The  Glendive  lignite  field,  Dawson  County,  Mont.: 
Idem,  p.  271. 

»  Steblnger,  Eugene,  The  Sidney  lignite  field,  Dawson  County,  Mont.: 
Idem,  p.  284. 

»  Beekly,  A.  L.,  The  Culbertson  lignite  field,  Valley  County,  Mont.: 
Idem,  p.  319. 

^  Wegemann,  C.  H.,  The  Sussex  coal  field,  Johnson,  Natrona,  and 
ConvOTse  counties,  Wyo.:  Idem,  p.  441. 

•*  Winchester,  D.  E.,  The  Lost  Spring  coal  field,  Converse  County, 
Wyo.:  Idem,  p.  472. 


In  the  first  paper  '•  the  following  was  given 
as  the  thesis: 

It  is  prop()eed  to  show  that  the  dino^ur-bearing  beds 
known  as  '^Ceratopa  beds,"  "Lance  Creek  beds,"  Lance 
formation,  "Hell  Creek  beds,"  "somber  beds,"  "lower 
Fort  Union,"  Laramie  of  many  writers,  "Upper  Laramie," 
Arapahoe,  Denver,  Dawson,  and  their  equivalents  are 
above  a  major  unconformity  and  are  Tertiary  rather  than 
Cretaceous  in  age.. 

The  evidence  was  presented  under  the 
headings  stratigraphic,  paleobotanic,  dias- 
trophic,  European  time  scale,  vertebrates,  and 
invertebrates.  In  the  discussion  of  strati- 
graphic  evidence  it  was  held ''  that  the  dinosaur- 
bearing  beds  above  mentioned  are  separated 
from  underlying  beds  by  a  major  uncon- 
formity which  makes  the  logical  line  of  separa- 
tion between  Cretaceous  and  Tertiary.''  The 
evidence  bearing  on  the  occurrence  of  this  un- 
conformity was  traced  throughout  North  and 
South  Dakota,  Montana,  Wyoming,  Colorado, 
and  New  Mexico  and  was  demonstrated  in  a 
number  of  ways,  including  angular  and  ero- 
sional  discordance,  as  well  as  faunal  and  fioral 
diflFerences. 

The  paleobotanic  evidence  was  naturally 
presented  in  extenso.  It  was  shown  that  the 
floras  in  the  beds  immediately  .below  and 
above  the  line  of  the  unconformity  comprise 
about  350  species  in  the  lower  beds  (Vermejo, 
Laramie,  Montana,  etc.)  and  over  700  species 
in  the  upper  beds  (Raton,  Dawson,  Arapahoe, 
Denver,  Lance,  etc.)  but  that  they  have  only 
21  or  22  species  in  common,  showing  ''that 
more  than  90  per  cent  of  thB  Cretaceous  flora 
was  wiped  out  by  the  disturbance  attending 
this  dias trophic  movement.'' 

In  the  Raton  -Mesa  region  of  Colorado  and 
New  Mexico  the  beds  immediately  above  the 
unconformity  have  been  named  the  Raton 
formation  and  contain  a  flora  of  148  species, 
only  4  of  which  are  common  to  the  underlying 
Vermejo,  which  is  below  the  line  of  the  uncon- 
formity. The  Raton  flora  was  correlated  with 
those  of  the  Wilcox  group  of  the  Gulf  coast 
and  of  the  Dawson,  Arapahoe,  and  Denver 
formations  to  the  north.  The  correlation  was 
carried  from  the  Denver  Basin  of  Colorado 
through  North  Park  and  into  Carb6n  County, 
Wyo.,  where  the  ''Upper  Laramie"  of  Veatch 

M  Knowlton,  F.  H.,  Cretaceous- Tertiary  boundary  in  the  Rocky 
Mountain  region:  Geol.  Soc.  America  Bull.,  vol.  25,  pp.  325-^40, 1014. 
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wa3  held  to  be  of  the  same  age  as  the  Lance 
formation  of  Converse  County,  Wyo.,  and 
thence  throughout  Montana  and  the  Dakotas. 
"The  Lance  flora  embraces  about  100  named 
and  described  species.  Of  these  100  species, 
over  75  are  typical  Fort  Union  species  that  have 
never  been  found  in  older  beds  and  most  of 
them  only  in  the  Fort  Union."  The  Fort 
Union  was  said  to  be  of  acknowledged  Eocene 
age. 

In  discussing  the  European  time  scale  it  was 
shown  that 

(1)  The  Cretaceous  and  Tertiary  systems  were  originally 
established  on  a  physical  basis,  and  the  exact  line  of 
separation  between  them  was  determined  by  the  struc- 
ture; (2)  after  more  than  a  century,  during  which  the 
several  lines  of  evidence  have  been  tested,  the  last  authori- 
tative word  on  the  European  standard  is  to  the  effect 
that  the  structure  is  the  determining  factor  in  separating 
them,  and  that  even  dinosaurs  that  have  been  appealed 
to  so  often  as  proof  of  Cretaceous  age  did  not  end  with  the 
Cretaceous. 

The  vertebrate  and  invertebrate  evidence 
was  briefly  considered.  In  conclusion,  the 
thesis  given  at  the  beginning  of  the  paper  was 
repeated  and  considered  as  follows : 

Evidence,  believed  to  be  competent,  has  been  pre- 
sented in  support  of  this  view  from  the  side  of  stratigraphy, 
diastrophism,  and  paleobotany,  and  what  is  thought  to 
be  the  weakness  and  insufficiency  of  the  vertebrate  and 
invertebrate  evidence  has  been  pointed  out.  The  verte- 
brate paleontologist  would  place  the  Cretaceous-Tertiary 
line  at  the  highest  horizon  at  which  dinosaurs  have  been 
found,  notwithstanding  the  fact  that  this  is  a  variable 
boundary,  unattended  by  structural  or  diastrophic  action. 
The  invertebrate  paleontologist  would  place  this  line  at 
the  highest  point  where  marine  invertebrates  of  Cannon- 
ball  ty]>e  occur.  The  paleobotanist  would  place  the  line 
at  the  lowest  horizon  at  which  Tertiary  plants  have  been 
found,  which  corresponds  with  the  structure.  The 
paleontologists  are  not  in  accord.  What,  then,  is  to  be 
the  court  of  final  appeal?  There  is  but  one  answer: 
Structure  resulting  from  diastrophism.  The  evidence 
from  these  sources  supports  the  thesis. 

The  second  paper  of  the  symposium,  by 
T.  W.  Stanton,"  began  with  a  discussion  of 
the  typical  Cretaceous  and  Eocene  of  western 
Europe,  in  which  it  was  held  that  the  Anglo- 
Parisian  basin  ''can  perhaps  with  justice  be 
considered  the  typical  area  of  both  Cretaceous 
and  Eocene. *'  It  was  shown  that  here  there 
is  a  well-marked  structural  break,  as  well  as  a 
strong  faunal  break,  and  it  is  of  course  easy 
to  distinguish  between  them,  but  that  in  other 


"  Boundary  between  Cretaceous  and  Tertiary  in  North  America,  as 
<ndicated  by  stratigraphy  and  invertebrate  faunas:  Geol.  Soc.  America 
3ull.,  vol.  25,  pp.  341-3M,  1914. 


areas  (Denmark,  Belgium,  center  of  Paris 
Basin,  etc.)  there  are  deposits, 

in  (MUt  marine  and  in  part  continental,  which  seem  to 
belong  between  the  highest  Cretaceous  and  the  lowest 
Eocene  represented  in  England.  These  intermediate 
deposits  have  been  called  Danian,  Montian,  and  other 
more  local  names  and  have  been  assigned  by  some  geolo- 
gists to  the  Cretaceous,  by  others  to  the  Tertiary,  and  by 
still  others  part  to  the  Cretaceous  and  part  to  the  Terti- 
ary.   *    *    ♦ 

All  will  agree,  I  think,  that  when  two  contiguous 
systems  as  originally  defined  are  separated  by  an  un- 
conformity, if  there  is  other  evidence  of  a  break  in  sedi- 
mentation, it  is  probable  that  intermediate  dqxMits  will 
be  found  in  some  part  of  the  world,  and  that  when  found, 
if  they  are  subordinate  in  character,  they  should  be  as- 
signed in  each  case  to  the  system  to  which  they  are  most 
closely  related. 

In  discussing  the  contact  between  marine 
Cretaceous  and  marine  Eocene  in  North 
America,  Stanton  pointed  out  that 

In  America,  as  in  England,  wherever  marine  Cretaceous 
is  directly  overlain  by  marine  Eocene,  there  is  no  difii- 
culty  in  recognizing  the  boundary  between  them,  and 
there  is  no  controversy  concerning  the  boundary.  «  «  » 
In  the  Interior  Province,  including  the  Great  Plains  and 
Rocky  Mountain  region,  conditions  were  different.  The 
Upper  Cretaceous  sea  during  the  Colorado  epoch  covered  a 
large  part,  if  not  the  whole,  of  the  province,  and  by  the  end 
of  the  Cretaceous  it  had  entirely  retreated  from  the  area; 
but  the  Eocene  sea  did  not  return  into  this  province  at 
all.  Instead  of  marine  deposits  great  continental  deposits 
were  formed,  beginning  in  the  Cretaceous  and  continuing 
with  many  interruptions  and  with  increasing  restriction 
of  areas  throughout  Tertiary  time. 

As  regards  the  evidence  of  land  areas  in  the 
Rocky  Mountain  region  during  the  Cretaceous, 
Stanton  wrote  as  follows : 

The  idea  has  sometimes  been  expressed  that  this  was  a 
period  of  quiet  and  imiversal  submergence  for  the  province, 
with  no  land  masses  within  it  until  the  end  of  the  period, 
when  the  whole  area  was  lifted  above  sea  level  by  a  single 
movement.  There  are  many  facts  opposed  to  this  view — 
so  many  that  they  form  con\'incing  evidence  that  at  several 
times  during  the  period  there  were  di£ferential  movements 
which  brought  previously  submerged  local  areas  above 
sea  level.  The  greatest  submergence  of  the  sea,  and  pre- 
sumably the  deepest  submergence,  seems  to  have  been 
near  or  after  the  middle  of  the  Colorado  epoch;  but  even 
at  that  time  it  is  probable  that  there  were  large  islands. 
Local  variations  in  thickness  and  character  of  sediments 
bespeak  the  nearness  of  land  at  some  localities. 

As  examples  in  support  of  this  contention 
were  given  the  Datil  Mountain  area  in  western 
New  Mexico,  where  a  land  flora  was  developed 
in  the  Colorado;  the  Mesaverde  formation  of 
Colorado,  Wyoming,  Utah,  etc.,  which  shows 
extensive  coal  deposits;  various  coal  fields  of 
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the  Colorado  epoch  in  Utah  and  Wyommg; 

coal  and  fresh-water  deposits  in  the  Eagle  and 

Judith    River    formations;    and    finally,    the 

volcanic  activity  which  furnished  material  for 

the  Livingston  formation  in  the  area  about  the 

Crazy  Mountains  in  Montana. 

Stanton  also  devoted  several  pages  to  the 

consideration  of  the  Lance  formation,  including 

its    distribution    and    general    character,    its 

.  development  in  North  and  South  Dakota,  and 

particularly  the  marine  member  and  its  fauna. 

Regarding  this  fauna  he  said : 

In  my  opinion,  the  invertebrates  from  the  marine  mem- 
ber of  the  Lance  belong  to  a  Cretaceous  fauna.  This  is 
indicated  both  by  their  close  relationship  with  the  Fox 
Hills  fauna  and  by  the  known  paleogeographic  facts  of 
the  late  Cretaceous  and  the  Eocene.  The  fauna  contains 
a  number  of  species  identical  with  Fox  Hills  forms,  others 
that  are  closely  related,  a  few  that  were  ascribed  to  the 
Fox  Hills  but  apparently  were  actually  collected  by  the 
early  explorers  from  beds  now  assigned  to  the  marine  mem- 
ber of  the  Lance,  and  a  considerable  number  of  new 
species,  which,  so  far  as  known,  do  not  occur  outside  of 
the  marine  member.  *  ♦  *  The  fauna  lacks  a  number 
of  conmion  Fox  Hills  species  and  contains  a  considerable 
proportion  of  new  forms,  so  that  it  may  be  called  a  modified 
Fox  Hills  fauna. 

The  conclusions  reached  are  stated  as  follows: 

In  my  opinion,  therefore,  the  conclusion  is  justified 
that  the  Cretaceous  period  did  not  end  in  the  interior 
province  until  the  sea  had  completely  retreated  from  the 
province,  and  that  the  Lance  formation  should  be  assigiied 
to  the  Cretaceous. 

The  final  retreat  of  the  Cretaceous  sea  from  the  interior 
province  was  doubtless  associated  more  or  less  closely  with 
local  erogenic  movements  which  caused  active  erosion  to 
begin  or  to  increase  in  various  areas;  but  in  other  areas 
within  the  province  the  products  of  this  erosion  were  laid 
down  as  terrestrial  deposits,  which  taken  together  practi- 
cally bridge  the  gap  between  Cretaceous  and  Tertiary. 
The  boundary  between  the  two  systems  in  such  areas  is 
not  marked  by  an  important  break  caused  by  general 
diastrophism,  because  the  breaks  and  discordance  and 
erosion  intervals  in  an  area  of  continental  deposition  are 
not  dependent  on  the  same  conditions  that  cause  the 
major  breaks  in  marine  sediments.  Even  if  it  be  true 
that  there  was  a  world-wide  movement  at  the  close  of  the 
Cretaceous  which  caused  a  break  between  marine  Creta- 
ceous and  marine  Eocene  in  all  the  areas  where  such 
sediments  are  now  accessible,  such  a  movement  would 
not  necessarily  affect  the  accumulation  of  continental 
deposits  of  detrital  material  in  an  area  already  above  sea 
level,  and  in  this  case  apparently  it  did  not  affect  it.  On 
the  other  hand,  terrestrial  deposits  are  characteristically 
and  necessarily  irregular,  and  the  importance  of  breaks 
and  unconformities  in  them  must  therefore  be  tested  with 
great  care,  using  all  kinds  of  available  evidence. 

The  Lance  formation  is  believed  to  be  Cretaceous  on 
account  of  its  intimate  stratigraphic  relation  with  the  un- 
derl)dng  marine  Cretaceous,  on  account  of  the  close  rela- 


tionship of  its  vertebrate  and  nonmarine  invertebrate 
faunas  with  Cretaceous  faunas,  and  on  account  of  the 
occurrence  in  one  area  of  a  marine  Cretaceous  fauna  within 
the  formation .  This  marine  Cretaceous  invertebrate  fauna 
is  held  to  establish  the  Cretaceous  age  of  the  plants  which 
occur  in  the  beds  beneath  it,  in  spite  of  the  fact  that  these 
plants  are  said  to  belong  to  Eocene  species.  In  other 
areas  where  the  Lance  formation  does  not  include  a  marine 
member  but  has  a  thicker  development  of  strata,  with  a 
large  vertebrate  fauna  of  Mesozoic  types,  it  is  a  fair  infer- 
ence that  the  whole  formation,  with  its  contained  flora,  is 
also  of  Cretaceous  age.  If,  then,  the  Lance  flora  is  in  fact 
a  Cretaceous  flora,  notwithstanding  its  close  relationship 
with  Eocene  floras,  it  is  obvious  that  the  correlation  of 
other  formations  with  known  Eocene  formations  on  the 
evidence  of  fossil  plants  alone  is  open  to  serious  question. 
In  the  case  of  the  Denver  and  Arapahoe  formations  such  a 
correlation  is  directly  opposed  by  the  evidence  of  the  ver- 
tebrate fauna,  which  allies  them  closely  with  the  Lance 
formation. 

In  the  contribution  of  Barnum  Brown  '*  to 
this  symposium  he  stated  that  he  had  been 
''continuously  engaged  since,  June,  1900,  in 
the  exploration  of  the  geology,  flora,  and  fauna 
of  three  great  formations  which  in  their  animal 
and  plant  life  bridge  over  the  passage  from 
Cretaceous  to  Eocene  time,  as  determined  by 
the  comparison  with  the  life  of  the  same  epochs 
in  Europe/'  These  formations  are  ''Hell 
Creek  formation  of  northern  Montana;  series 
embracing  in  descending  order  Paskapoo,  Ed- 
monton, Fort  Pierre  (upper),  Belly  River  (in- 
tercalation). Fort  Pierre  (lower)  of  Red  Deer 
River,  Alberta;  Ojo  Alamo  formation  of  north- 
em  New  Mexico;  Lance  Creek  formation  of 
Converse  County,  Wyo.'' 

In  a  former  paper  Brown  had  described  his 
"Hell  Creek  beds''  as  resting  unconformably 
on  the  underlying  Fox  Hills,  but  this  statement 
he  now  desired  to  modify.  He  described  a 
number  of  localities  in  which  "these  marine 
beds  [Fox  Hills]  have  been  eroded  in  places, 
sometimes  to  a  depth  of  10  feet,  before  the 
succeeding  massive  sandstone  of  the  fresh- 
water 'Lance'  was  deposited."  This  break, 
he  concluded,  "is  evidently  of  local  erosional 
character, "  as  "  the  strata  are,  however,  in  all 
cases  parallel  to  the  bedding  planes  of  the  suc- 
ceeding sandstones. " 

The  Paskapoo  and  Edmonton  formations 
as  exposed  along  Red  Deer  River,  Alberta, 
were  described  at  some  length.  The  conclu- 
sion was  reached  that  the  Paskapoo  has  a 
mammal  fauna  in  which  "  the  multituberculates 


"  Cretaceous  Eocene  correlation  In  New  Mexico,  Wyoming,  Montana, 
Ai1;)erta:  Geol.  Soc.  America ;Bu11.,  vol.  25,  pp.  33S-380,  I9t4. 
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and  trituberculates  are  unmistakably  those  of 
the  Lance,  but  the  placental  mammals  have 
not  been  fomid  in  the  Lance  and  appear  to 
belong  to  the  Paleocene  groups  of  mammals, '' 
while  the  invertebrates  ''are  suggestive  of 
Fort  Union  rather  than  earlier  forms. "  The 
Edmonton  formation,  although  containmg  a 
flora,  at  least  in  the  upper  part,  that  is  un- 
doubtedly indicative  of  Fort  Union  age,  was 
concluded  to  be  Cretaceous  and  older  than 
Lance  on  account  of  the  presence  of  a  plesiosaur 
(Leurospondylus) J  a  marine  reptile  ''clearly  of 
Mesozoic  age,"  above  the  plants.  Brown 
concluded  as  follows: 

From  the  vertebrate  and  invertebrate  remainfi  it  seems 
very  clear  that  these  rocks  are  not  of  Fort  Union  age,  but  as 
shown  by  the  plants  the  climatic  conditions  of  Fort  Union 
time  were  long  foreshadowed  toward  the  close  of  the 
Cretaceous. 

The  dinosaur-bearing  beds  beneath  the 
Puerco  formation  of  northern  New  Mexico 
were  briefly  described  under  the  name  Ojo 
Alamo  beds. 

The  final  conclusion  of  the  paper  was  as 
follows: 

There  is  no  doubt  that  the  Hell  Creek  beds  were 
synchronous  with  the  Lance,  and  little  doubt  that  the 
Belly  River  and  Ojo  Alamo  beds  should  be  correlated  with . 
the  Judith  River.    The  Edmonton  is  intermediate  in  age 
between  the  Judith  River  and  the  Lance. 

W.  D.  Matthew  '•  stated  that  the  term  "  Paleo- 
cene" as  he  used  it  ''denotes  what  we  have 
been  calling  basal  Eocene,  comprising  the 
Fort  Union,  Puerco  and  Torrejon,  and  other 
equivalent  formations  older  than  Wasatch 
or  typical  lower  Eocene."  Matthew  gave 
lists  of  the  vertebrate  faunas  of  the  Puerco, 
Torrejon,  Paskapoo,  and  Fort  Union  and  made 
comparisons  between  them  and  those  of  the 
Lance  and  Belly  River  and  with  the  Wasatch. 
In  an  interpretation  of  the  faunas  he  stated: 
''The  evidence  of  fossil  vertebrates  in  correla- 
tion is  very  valuable,  provided  it  is  interpreted 
correctly. "  The  difference  between  two  faunas 
may  be  due,  he  said,  to  ''lapse  of  time;  differ- 
ence of  local  environment;  migration  move- 
ments representing  a  change  in  environment 
somewhere  else,  not  necessarily  in  the  region 
concerned. "  With  these  precautions  in  mind 
Matthew  presented   the   table   reproduced   in 

figure  1. 

— -^ 

»  Evidence  of  the  Paleocene  vertebrate  fauca  on  the  Cretaceous- 
Tertiary  problem:  Geol.  Soc.  America  Buy.,  vol.  25,  pp.  381-402, 1914. 


The  correlation  of  the  faunas  here  involved 
with  the  European  succession  is  of  special 
interest.  It  was  shown  that  the  Thane tian 
(Cemaysian)  has  furnished  a  ''small  fauna  of 
mammals  and  reptiles,  comparable  in  facies 
to  our  Torrejon  and  apparently  of  equal  age.*' 
The  Spamacian  and  Ypresian,  which  include 
the  London  clay,  the  Argiles  plastique  of  the 
Paris  Basin,  and  equivalents  in  Belgium  and 
elsewhere,  are  equivalent  to  our  Wasatch. 
According  to  Matthew,  the  Puerco,  arbitrarily 
correlated  by  Osbom  with  the  MoDtian,  ''has 
no  certain  equivalent  in  Europe,"  and  he 
stated  that  the  "Lance  is  equally  difficult  to 
correlate,"  as  "there  are  no  European  forma- 
tions of  corresponding  facies  in  the  late 
Cretaceous." 

As  regards  faunal  migrations  and  diastro- 
phism  the  following  statements  were  made: 

As  I  read  the  evidence  from  the  vertebrates  it  is  to  this 
effect: 

1.  From  the  Belly  River  to  the  Lance  there  is  a  con- 
siderable lapse  in  time,  but  they  represent  the  same 
faunal  facies  and  they  indicate  that  there  was  no  great 
migration  movement  intervening,  and  hence  no  great 
upheaval,  either  continental  or  universal.  There  was  un- 
doubtedly a  considerable  local  uplift  along  the  Rocky 
Mountain  ridges  and  extensive  recession  of  the  sea  from 
the  plains  to  eastward  of  them. 

2.  Between  the  Lance  and  the  Paleocene  there  is  a  some- 
what smaller  lapse  in  time  but  a  very  marked  change  in 
fauna;  but  tliey  do  not  represent  the  same  facies,  and 
while  a  great  migration  movement  is  probably  indicated 
by  the  extinction  of  the  dinosaur  phyla  and  incoming 
of  certain  groups  of  placental  mammals  (Creodonta,  Con- 
dylarthra,  etc.),  its  extent  remains  a  little  uncertain. 

3.  Between  the  Paleocene  and  Eocene  a  great  migration 
movement  intervenes,  the  progressive  orders  of  placental 
mammals,  of  turtles,  and  perhaps  other  groups  appearing 
simultaneously  in  Europe  and  North  America.  The  lapse 
of  time  between  the  uppermost  Paleocene  and  lowest 
Eocene  is  slight. 

If,  therefore,  we  are  to  use  diastrophic  criteria  as  the 
basis  of  our  geologic  classification,  the  dividing  line  be- 
tween Cretaceous  and  Tertiary  should  be  drawn  either 
between  the  Lance  and  the  Paleocene  or  between  the 
Paleocene  and  Eocene.  It  should  not  be  drawn  between 
Belly  River  and  Lance. 

The  following  is  Matthew's  conclusion : 

The  question  to  my  mind  shapes  itself  thus:  Does  the 
evidence  conclusively  support  the  present  classification; 
and,  if  not,  is  it  sufliciently  conclusive  to  warrant  our 
changing  it?  I  have  indicated  what  I  regard  as  the  weight 
and  trend  of  the  vertebrate  evidence.  Without  entering 
into  any  detailed  criticism  of  the  stratigraphic  and  paleo- 
botanic  evidence,  a  task  for  which  others  are  hir  more  com- 
petent, I  may  say  that  to  me  it  appears  to  be  inconclusive 
because  it  does  not  allow  for  the  characteristics  of  epicon- 
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tinental  lonnatioiia  nor  for  the  varying  fadee  of  faunas 
and  floras;  that  the  asserted  magnitude  of  the  break  be- 
tween Laramie  and  Lance  rests  not  on  evidence  but  on  a 
definition  of  the  Laramie;  and  that  no  really  adequate  evi- 
dence has  been  adduced  of  its  relations  to  the  Cretaceous- 
Tertiary  break  in  Europe.  The  paleobotanic  argument 
for  placing  the  Lance  in  the  Tertiary  is  the  resemblance 


their  absence  from  the  Laramie  is  obviously  due  to  a  differ- 
ence in  environmental  conditions.  The  facies  of  the 
fauna  is  different,  and  much,  if  not  all,  of  the  difference 
in  flora  should  be  ascribed  to  this  cause. 

For  these  and  many  other  reasons  the  evidence  in  ftivor 
of  transferring  the  Lance  and  associated  formations  to  the 
Tertiary  appears  to  me  inconclusive  and  is  directly  in 
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of  its  flora  to  that  of  the  Paleocene  and  its  great  difference 
from  that  of  the  true  Laramie.  But  there  is  no  evidence 
that  the  Lance  flora  was  absent  from  Europe  in  the  late 
Cretaceous,  and  the  Laramie  clearly  represents  a  different 
facies  from  the  Lance .  Dr .  Knowl ton  has  insisted  strongly 
on  the  entire  absence  of  dinosaurs  in  the  true  Laramie, 
apparently  with  the  idea  that  it  showed  it  to  be  much  older 
than  the  Lance.  But  as  the  same  phyla  of  dinosaurs  are 
present  in  the  older  Belly  River  and  in  the  newer  Lance, 


conflict  with  the  evidence  from  fossil  vertebrates,  so  far 
as  I  am  able  to  understand  it. 

The  final  paper  of  the  symposium  was  pre- 
sented by  W.  J.  Sinclair '®  and  later  published 
under  joint  authoriship  with  Walter  Granger. 

^  Sinclair,  W.  J.,  and  Granger,  Walter,  Paleocene  deposits  of  the  San 
Juan  Basin,  N.  Max.:  Am.  Mus.  Nat.  Hist.  Bull.,  vol.  33,  pp.  297-310, 
1914. 
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As  the  title  indicates,  the  authors  were  con- 
cerned principally  with  the  lower  Eocene  mam- 
mal-bearing formations  and  only  incidentally 
with  the  underlying  dinosaur-bearing  beds. 
As  this  phase  of  the  paper  is  treated  at  length 
under  the  discussion  of  the  San  Juan  Basin  (pp. 
69-76)  it  need  not  be  further  considered  here. 

In  May,  1914,  after  a  prolonged  discussion 
of  all  the  lines  of  evidence  then  available,  it 
was  decided  by  the  United  States  Geological 
Survey  that,  so  far  at  least  as  its  official  publi- 
cations are  concerned,  the  Lanc«  formation 
is  to  be  classed  as  ** Tertiary  (?)''  instead  of 
''Cretaceous  or  Tertiary,"  as  previously,  and 
that  the  Arapahoe,  Denver,  Dawson  arkose, 
and  Raton  formations,  with  which  I  believe 
the  Lance  formation  to  be  in  part  synchronous, 
are  to  be  classed  as  Eocene  instead  of  Cretaceous. 

One  of  the  first  places  in  which  this  newer 
interpretation  of  the  position  of  the  Lance 
formation  appears  was  a  paper  by  Bauer,'* 
published  in  1914.  This  paper  presented  the 
results  of  an  examination  of  an  area  in  north- 
eastern Montana  along  the  north  border  of  the 
Fort  Peck  Indian  Reservation.  The  only 
sedimentary  formations  present  are  the  Lance 
and  Fort  Union.  Concerning  the  line  between 
them  Bauer  said : 

Owing  to  the  absence  of  a  sharp  lithologic  boundary 
between  the  formations  and  to  the  lack  of  exposures  near 
the  critical  horizon  in  this  field  and  also  in  the  northern 
part  of  the  reservation,  the  accurate  mapping  of  the  Lance- 
Fort  Union  boundary  is  impossible.  In  drawing  the  line 
shown  on  the  map  the  known  outcrops  of  somber-colored 
beds  are  considered  to  belong  to  the  Lance,  and  those  of 
yellow  beds  to  the  Fort  LMon.  *  *  *  Its  [the 
Lance's]  separation  from  the  overlying  Fort  L'nion  forma- 
tion is  thus  based  on  its  stratigraphic  position  and  litho- 
logic character.  In  these  particulars  it  i^ees  with  the 
Lance  formation  as  recognized  in  other  areas  in  eastern 
Montana  and  in  North  Dakota,  where  it  i?  further  charac- 
terized by  a  dinosaur  fauna  which  has  not  been  found  in 
the  Fort  Union.  Formerly  the  Survey  considered  the 
evidence  of  the  age  of  the  Lance  so  conflicting  that  it  ^as 
ascribed  to  the  Cretaceous  or  Tertiary,  but  recently  the 
close  correlation  of  the  Lance  flora  with  that  of  well- 
determined  Tertiary  formations  of  the  Gulf  coast,  con- 
sidered together  with  the  mountain-making  movements 
that  are  supposed  to  have  immediately  preceded  the  de- 
position of  the  strata,  has  led  the  Survey  to  assign  the 
formation  to  the  Tertiary  (?)  B>'Btem. 

A  small  coal  area  on  the  west  side  of  Big 
Horn  River,  Mont.,  in  the  angle  formed  by  its 


n  Bauer,  C.  M.,  Lignite  in  the  vicinity  of  Plentywood  and  Scobey, 
Sheridan  County,  Mont.:  U.  S.  Geol.  Survey  Buii.  541,  pp. -293,  315, 
1014. 


junction  with  the  Yellowstone,  was  described 
by  Rogers."  The  strata  examined  are  mainly 
referable  to  the  Lance  formation;  concerning 
which  Rogers  said : 

The  I>ance  formation  in  this  area  may  be  di\ided  into 
two  part«,  namely,  a  coal-bearing  member,  which  com- 
prises the  upper  250  feet,  and  a  lower  portion  about  900 
feet  thick.  This  distinction  is  made  partly  on  lithologic 
grounds  and  partly  because  of  the  slight  difference  in  the 
fossils  found  in  the  two  di\'isions. 

In  the  same  volume  with  the  two  papers 
just  mentioned  was  one  by  Lloyd"  on  the 
lignite  field  of  the  Cannonball  River  region, 
N.  Dak.  The  four  principal  sedimentary  for- 
mations recognized  were  the  Fox  Hills  sand- 
stone, Lance,  Fort  Union,  and  White  River 
(Oligocene).  Concerning  the  Fort  Union  and 
Lance  formations  he  said : 

The  Fort  Union  formation,  of  the  lower  part  of  the 
Tertiary  s^'stem  (Eocene),  which  contains  the  greater  part 
of  the  valuable  lignite  in  the  Dakotas  and  eastern  Mon- 
tana, eoibraces  the  surface  rocks  in  the  western  and 
northwestern  parts  of  the  Cannonball  River  field.  Under- 
neath the  Fort  Union  is  a  series  of  beds  which  are  now 
tentatively  classified  as  probably  of  early  Tertiary  age  and 
which  have  been  referred  to  the  Lance  formation.  The 
upper  250  or  300  feet  of  this  formation  is  in  the  field 
markedly  different  in  lithologic  character  from  the  under- 
lying more  typical  Lance  and  has  been  found  at  numerous 
places  to  contain  the  remains  of  a  marine  fauna  which 
has  not  previously  been  known  in  this  part  of  the  strati- 
graphic  section.  These  beds  have  been  mapped  separ- 
ately and  are  herein  designated  the  Cannonball  marine 
member  of  the  Lance  formation.  The  underlying  lower 
part  of  the  Lance  is  of  fresh-water  origin  and  is  composed 
of  alternating  beds  of  shale  and  sandstone  which  on  erosion 
give  rise  to  the  badlands  described  above.  Its  thickness 
is  approximately  400  feet. 

The  fauna  of  the  Cannonball  member  was 
alluded  to  as  follows:  '*In  the  Cannonball 
River  field  several  collections  of  marine  in- 
vertebrate fossils  made  from  the  Cannonball 
member  *  *  *  have  been  identified  by 
T.  W.  Stanton  as  belonging  to  a  modified  Fox 
Hills  fauna.^^ 

In  1915  Lloyd  and  Hares"  described  in 
considerable  <letail  the  areal  distribution, 
lithologic  character,  and  stratigraphic  relations 


»  Rogers,  G.  S.,  Geology  and  coal  resources  of  the  area  southwest  cf 
Custer,  Yellowstone  and  Big  Horn  counties,  Mont.:  U.  S.  Geol.  Survey 
Bull.  541,  pp.  31&-328,  1914. 

»  Lloyd,  E.  R.,  The  Cannonball  River  lignite  field,  Morton,  Adams, 
and  HeltinRpr  counUes,  N.  Dak.:  U.  S.  Geol.  Survey  Bull.  Ml,  pp.  243- 
292,  1914. 

**  Ll<^yd,  E.  R..  and  Hares,  C.  J.,  The  Cannonball  marine  member  of 
the  Lance  formation  of  North  and  South  Dakota  and  its  bearing  on  the 
Lance-Laramie  problem:  Jour.  .<5eoh)gy,  vol.  23,  pp.  523-^7,  1915. 
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of  the  Cannonball  member  and  argued  for  its 
probable  Cretaceous  age.    They  wrote: 

Field  examinationa  by  the  writers  and  the  paleonto- 
logical  determinations  by  Drs.  Stanton  and  Rnowlton 
during  the  years  1912  and  1913  show  that  in  a  large  area 
west  of  MiBBouri  River  in  North  and  South  Dakota  the 
Lance  formation  consists  of  two  distinct  parts — a  lower 
nonmarine  part  containing  a  flora  very  similar  to  if  not 
identical  with  that  of  the  Fort  Union,  and  an  upper  marine 
member  containing  a  fauna  closely  resembling  but  not 
identical  with  that  of  the  Fox  Hills  sandstone.  This 
upper  part,  on  account  of  its  peculiar  fauna,  has  been 
mapped  separately  and  named  the  Cannonball  marine 
member  of  the  Lai^ce  formation.  Farther  west  nonmarine 
beds  bearing  lignite  and  occupying  a  similar  stratigraphic 
position  have  been  named  the  Ludlow  lignitic  member 
of  the  Lance. 

After  describing  the  areal  distribution  and 
giving  a  number  of  sections  of  the  strata,  they 
proceeded  to  a  discussion  of  interrelationships. 
The  fauna  of  the  Cannonball  was  studied  by 
T.  W.  Stanton,  who  wrote  concerning  it  as 
follows : 

The  fauna  of  the  Cannonball  member  of  the  Lance  may 
now  be  characterized  as  a  modified  Fox  Hills  fauna.  It 
contains  a  considerable  proportion  of  undescribed  ispecies 
of  Cretaceous  affinities,  and  it  is  noteworthy  that  a  number 
of  the  most  common  Fox  Hills  species  have  not  been  dis- 
covered in  this  fauna.  *  ♦  ♦  In  this  list  of  about  40 
forms  there  are  21  named  species  and  varieties,  of  which 
15  occur  in  the  Fox  Hills,  4  occur  in  the  Pierre,  and  5  were 
originally  described  from  rocks  now  known  to  belong 
to  the  marine  member  of  the  Lance.  One  species,  Cor- 
hvckkla  cytheriformiSf,  was  described  from  the  Judith  River 
formation  and  is  known  in  the  Mesaverde  formation  and 
the  Lance  of  other  areas. 

After  presenting  and  weighing  the  several 
lines  of  evidence  that  may  be  used  in  fixing 
the  age  of  the  Cannonball,  these  authors  con- 
cluded as  follows: 

A  recent  detailed  consideration  of  all  the  evidence  has 
led  to  a  decision  by  the  United  States  Geological  Survey 
that  the  Denver  and  Arapahoe,  Dawson,  and  Raton  forma- 
tions in  Colorado  and  New  Mexico  all  be  placed  in  the 
Tertiary  system.  This  decision  was  based  primarily  on 
the  correlation  of  these  formations  with  the  Wilcox  forma- 
tion of  the  Gulf  region  on  the  evidence  of  their  fossil  floras 
and  also  on  the  consequent  correlation  of  the  unconformi- 
ties in  the  two  regions.  Although  the  Lance  formation  is 
believed  to  be  of  the  same  age  as  the  Denver,  Raton,  and 
"Upper  Laramie,"  it  is  classified  by  the  United  States 
Geological  Survey  as  Tertiary  (?),  the  doubt  being  thus 
expressed  on  account  of  the  Cretaceous  character  of  the 
Cannonball  marine  fauna.  The  writers  believe  that 
greater  weight  should  be  given  to  the  evidence  of  the 
marine  faunas  and  the  dinosaurs,  and  that,  in  view  of  the 
strong  evidence  presented  by  these  faunas,  the  correla- 
tions made  on  the  basis  of  fossil  floras  should  not  be 
considered  as  conclusive. 


In  a  final  footnote  they  added  that  '^further 
studies  on  the  Lance  problem  have  strength- 
ened the  conviction  of  the  writers  that  the 
Lance  is  Cretaceous.'* 

FOBT  X7NION  FOBMATION. 

The  early  history  of  the  Fort  Union  forma- 
tion, or  "Great  Lignitic,"  as  it  was  at  first  called, 
has  been  suflBciently  set  forth  in  the  preceding 
pages.  In  fact,  it  was  not  until  the  Laramie 
was  established  that  the  element  of  discord  was 
introduced  which  gave  rise  to  so  much  subse- 
quent discussion  and  difference  of  opinion. 
Most  of  the  geologists  and  paleontologists  who 
had  studied  the  Fort  Union  contended  for  its 
Tertiary  age,  and  Newberry,  who  investigated 
the  flora,  was  at  first  inclined  to  refer  it  to  the 
Miocene.  It  appears  that  Hayden  was  in  the 
end  more  or  less  responsible  for  promulgating 
what  has  since  been  accepted  as  an  erroneous 
view  regarding  the  relation  of  the  Fort  Union 
to  the  Laramie.  When  the  Laramie  was 
adopted  by  Hayden,  he  made  it  include  or  at 
least  be  equivalent  to  the  Fort  Union,  as  the 
following  statement  shows:" 

If  objection  is  made  to  the  use  of  the  term  *' Lignitic" 
group,  I  would  say  that  in  this  work  it  is  restricted  to  a 
series  of  coal-bearing  strata  lying  above  the  Fox  HUls 
group,  or  Upper  Cretaceous,  and  theee  are  embraced  in  the 
divisions  Laramie  and  Fort  Union. 

On  the  same  page  Hayden  continued: 

As  far  back  as  1859  it  was  my  belief,  founded  on  what 
appeared  sufficient  e\'idence,  that  the  sequence  between 
the  well-characterized  Cretaceous  strata  and  those  of  the 
Lignite  group,  as  defined  at  that  time,  was  continuous, 
and  that  the  chasm  that  was  supposed  to  exist  between  the 
Cretaceous  and  the  Tertiary  epoch  would  be  found  to  be 
bridged  over. 

He  then  proceeeded  to  quote  Dr.  C.  A.  White, 
who,  he  said, 

had  made  a  critical  examination  of  these  formations  during 
the  past  season,  and  he  says  that  his  investigations  have 
freely  confirmed  the  \'iews  expressed  by  me  some  years  ago 
and  indicated  by  the  paleontological  studies  of  Mr.  Meek, 
that  the  Fort  Union  beds  of  the  upper  Missouri  River  are 
the  equivalent  of  the  Lignitic  formation  as  it  exists  along 
the  base  of  the  Ko<^y  Mountains  in  Colorado. 

Inasmuch  as  the  Fort  Union  was  regarded 
as  equivalent  to  the  lignite-bearing  beds  east 
of  the  mountains  in  Colorado,  which  fell 
within  the  typical  areas  included  by  King  in 
the  Laramie,  it  of  course  followed   that  the 


*^ Hayden,  F.  V.,  letter  of  transmittal  for  Lesquereux's  "Tertiary 
flora":  U.  8.  Qed.  Survey  Terr.  Rept.,  vol.  7,  p.  iv,  1878. 
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Fort  Union  was  regarded  by  Hayden  as  of  the 
same  age  as  the  Laramie,  if  not,  indeed,  in- 
cluded in  it. 

As  is  weU  known,  Hayden  originaUy  consid- 
ered all  of  his  Laramie  (Laramie  and  Fort 
Union)  as  of  Tertiary  age,  but  his  latest  con- 
clusion was  that  the  whole  mass  was  of  a  transi- 
tional character — that  is,  it  formed  beds  of  pas- 
sage between  the  Cretaceous  and  Tertiary. 
Newberry  ^  in  commenting  on  this  conclusion 
said:  '^It  is  easy  to  see  that  this  result  was 
inevitable,  after  he  had  united  an  Upper  Cre- 
taceous with  a  Tertiary  formation  under  one 
name." 

Clarence  Eling,  however,  did  not  accept 
Hayden 's  reference  of  the  Fort  Union  to  the 
Laramie.  When  preparing  the  final  volume 
on  the  systematic  geology  of  the  vicinity  of 
the  fortieth  parallel,  he  had  before  him 
Lesquereux's  '*  Tertiary  flora,"  above  quoted, 
and  after  admitting  that  he  had  never  visited 
the  locality  and  could  not  therefore  ''speak 
with  any  definiteness, "  he  added  (p.  353) : 

I  consider  it  worth  while  to  point  out  here  a  noticeable 
ambiguity  in  its  evidence.  Cope,  in  his  introduction  to 
his  volume  on  the  Cretaceous,  cites  dinosaurs  as  coming 
from  the  Fort  Union,  from  which  he  refers  the  fauna  to 
the  Meeozoic  series.  On  the  other  hand,  the  character- 
istic plant  life  of  the  country  differs  entirely  from  that 
described  by  Lesquereux  in  Volume  II,  Tertiary  flora. 
It  is  noticeable  that  he  nowhere  describes  in  that  volume 
any  of  the  plants  from  the  classic  Fort  Union  locality, 
a  series  which  has  been  studied  by  Newberry  and  which 
contains  not  only  a  general  resemblance  but  some  actual 
species  identical  with  the  Miocene  of  Greenland  and 
northern  Europe.  *  *  *  Until  fresh  evidences  of 
the  stratigraphical  relations,  and  a  full  discussion  of  the 
fauna  of  the  whole  series  of  rocks  at  Fort  Union  is  fully 
made,  a  definite  correlation  is  impossible,  and  at  present 
writing  the  entire  di#erence  between  the  plants  at  Fort 
Union  and  anything  in  Colorado  or  Wyoming  that  ia  of 
value  at  all  suggests  that  they  can  not  be  related  to  any 
of  the  southern  groups.  I  apprehend  that  the  plant 
horizon  at  Fort  Union  will  be  found  to  be  nothing  but  a. 
northward  extension  of  the  White  River  Miocene. 

King's  reference  of  the  Fort  Union  to  the 
White  River  has  not  of  course  been  sustamed, 
but  otherwise  his  suggestions  have  proved  to 
be  wonderfuUy  near  the  truth. 

C.  A.  White  did  much  to  merge  the  Fort 
Union  in  the  Laramie.     In  fact,  in  what  was 

*>  Newbeiry,  J.  8.,  The  Laramie  group:  New  York  Acad.  Sci.  Trans., 
▼ol.  9,  p.  3, 1880  (reprint). 


perhaps  his  last  utterance  ^  on   the   subject 
he  said: 

The  localities  at  which  Laramie  strata  were  first  studied 
by  geologists  were  often  distant  from  one  another,  and 
they  were  not  then  recognized  as  constituting  one  great 
formation.  «  *  «  These  deposits  consequently  re- 
ceived a  different  name  in  each  district.  They  thus  have 
received  such  names  as  Fort  Union  group,  Judith  River 
group,  Lignitic  group,  and  Bitter  Creek  series.  The  term 
Lignitic  soon  came  to  be  applied  to  the  strata  of  several 
districts  which  are  now  included  in  the  lAiamie. 

It  was  not  possible,  according  to  White,  to 
distinguish  between  Fort  Union  and  Laramie 
by  the  invertebrates,  and  this  view  was 
generally  entertained  by  paleontologists  for 
many  years  thereafter. 

The  influence  of  what  are  now  known  to  have 
been  the  erroneous  views  of  Hayden,  White, 
and  others  is  well  shown  in  Ward's  elaborate 
paper  ''Synopsis  of  the  flora  of  the  Liaramie 
group,''  **  in  which  he  included  in  the  Laramie 
not  only  the  Fort  Union  but  also  beds  now 
known  to  belong  to  the  Montana,  Arapahoe, 
Denver,  Lance,  and  other  formations.  It 
should  not  be  presumed,  however,  that  he  failed 
to  note  that  there  were  striking  differences  be- 
tween the  typical  Laramie  flora  and  that  of  the 
Fort  Union,  but  he  was  misled  by  the  opinion 
of  the  time  that  all  the  formations  he  included 
formed  an  unbroken  sedimentary  sequence. 
His  investigation  was  undertaken  primarily  to 
ascertain  the  bearing  of  the  plants  on  the  ques- 
tion of  the  age  of  the  Laramie,  but  naturally  it 
failed  in  reaching  definite  results.  In  this  pa- 
per Ward  described  many  new  forms  from  a 
great  many  localities  and  horizons,  though  so 
many  were  from  the  Fort  Union  that  New- 
berry,** in  commenting  on  it,  said:  "But  his 
monograph  as  a  whole  is  simply  an  important 
contribution  to  what  was  before  known  of  the 
Fort  Union  flora." 

It  is  undoubtedly  to  J.  S.  Newberry  that  most 
credit  is  due  for  keeping  alive  and  insisting 
upon  the  distinctness  of  the  Fort  Union  from 
the  Laramie.  From  the  beginning  of  his 
studies  of  the  material  collected  by  Hayden  in 

"  White,  C.  A.,  Correlation  papers-  Cretaceous:  U.  S.  OeoL  Survey 
Bull.  82,  p.  147,  1801. 

M  Ward,  L.  F.,  U.  S.  OeoL  Survey  Sixth  Ann.  Rept.,  pp.  390-557, 
pis.  31-66, 1886. 

**  Newberry,  J.  S.,  The  Laramie  group:  New  York  Acad.  8cl.  Trans., 
vol.  9,  p.  4, 1880  (reprint). 
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the  ^fifties  until  his  death  he  maintained  its 
Tertiary  age.  In  the  paper  above  quoted  he 
said: 

Whether  the  Laramie  is  Cretaceous  and  the  Fort  Union 
Tertiary  are  other  questions,  but  they  are  certainly  distinct 
from  each  other — distinct  in  the  general  botanical  facies  of 
their  floras  as  well  as  in  the  absence  of  common  species. 
That  the  Fort  Union  is  Tertiary  there  can  be  no  reasonable 
doubt;  it  has  many  species  in  common  with  the  recognized 
Tertiar/  in  the  Canadian  provinces  of  North  America,  in 
Greenland,  and  in  the  British  islands,  and  it  contains  some 
plants  which  are  living  at  the  present  day,  such  as  Onoclea 
sensibiliSf  Taocodium  dUtichurrit  Corylus  americana,  C. 
rostrata,  etc.  Moreover,  the  grouping  of  the  plants  com- 
posing it  gives  it  a  facies  which  enables  one  to  recognize  it 
at  a  glance.  The  abundance  of  species  and  specimens  of 
Populus,  Vibumumf  and  Corylua  imparts  to  it  an  aspect  as 
different  from  that  of  the  flora  of  the  Laramie  as  are  the 
recent  floras  of  Europe  and  America  from  each  other. 

In  his  last  published  utterance  on  this  subject 
Newberry  *®  made  the  following  emphatic 
statement: 

The  floras  of  the  Laramie  and  Fort  Union  groups  are 
totally  distinct,  and  these  formations  should  be  referred  to 
different  geological  systems — the  Fort  Union  to  the  Ter- 
tiary and  the  Laramie  to  the  Cretaceous. 

In  1896  W.  H.  Weed  **  published  a  short 
paper  entitled  '*The  Fort  Union  formation/* 
in  which,  after  briefly  reviewing  the  early  his- 
tory of  the  Fort  Union  and  Newberry's  con- 
tention that  it  should  be  referred  to  the  Ter- 
tiary, he  described  the  geologic  section  in  the 
vicinity  of  the  Crazy  Mountains,  in  Montana, 
where,  he  said,  the  Fox  Hills,  Laramie,  Living- 
ston, and  Fort  Union  formations  are  super- 
imposed. This  view  I  hold  to  be  in  the  main 
correct,  although,  as  will  be  shown  later  in  the 
discussion  of  the  Livingston  formation,  there 
are  many  who  do  not  accept  it.  In  any  event, 
it  was  made  plain  that  the  Fort  Union  forma- 
tion of  this  region  was  above  beds  that  should 
properly  be  referred  to  the  Laramie  or  were 
in  its  position. 

More  than  25  years  ago  I  became  convinced 
of  the  correctness  of  Newberry's  conclusion  as 
to  the  Tertiary  age  of  the  Fort  Union  formation, 
and  in  many  papers  and  reports  published 
since  that  time  I  have  consistently  adhered  to 
this  view.  It  is  perhaps  not  necessary  further 
to'  allude  to  these  papers,  nor  is  it  possible  to 
fix  an  exact  date  on  which  the  Fort  Union 
became  generally  accepted  as  a  Tertiary  unit. 

^NewbeiTj,  J.  S.,  The  Laramie  group:  Qeol.  Soc.  America  Bull., 
vol.  1,  p.  625, 1890. 
^  Am.  Qeologiflt,  vol.  12,  pp.  201-211,  1896. 


The  term  with  the  present  accepted  applica- 
tion has  been  in  current  use  for  a  dozen  years 
or  more  and  apparently  is  no  longer  seriously 
questioned. 

As  an  example  of  the  completeness  of  this 
change  mention  may  be  made  of  the  treatment 
of  the  Fort  Union  in  the  reports  of  the  Geologi- 
cal Survey  of  North  Dakota.  Thus,  in  the 
third  biennial  report  of  the  State  geologist, 
published  in  1904,  the  term  Fort  Union  does 
not  occur,  all  beds  imder  consideration  being 
referred  to  the  Laramie,  but  in  the  fifth  biennial 
report,  issued  in  1908,  the  conditions  were 
reversed  and  the  Laramie  was  no  longer 
accepted  as  present,  all  the  beds  being  referred 
to  the  Fort  Union  or  Lance.  In  a  geologic 
map  of  North  Dakota,  published  by  A.  G. 
Leonard  *^  in  1913,  the  Laramie  was  not  recog- 
nized, but  nearly  half  of  the  State  was  shown 
to  be  covered  by  the  Fort  Union  formation. 
In  the  text  accompanying  this  map  Leonard 
said: 

The  Fort  Union  is  one  of  the  best-known  formations  of 
the  Northwest.  It  covers  a  vast  area  east  of  the  Rocky 
Mountains,  stretching  from  Wyoming  to  the  Arctic  Ocean 
in  the  valley  of  the  Mackenzie  River  and  including  part 
of  several  Canadian  provinces,  much  of  western  North 
Dakota,  eastern  Montana,  northwestern  South  Dakota, 
and  central  and  eastern  Wyoming. 

"LA&AHIB"  IN  THS  CANADIAN  PBOVINGBS. 

It  appears  that  as  early  as  1873  George  M. 
Dawson,  while  acting  as  geologist  to  the  British 
North  American  Boundary  Commission,  noted 
the  presence  at  certain  points  along  the  inter- 
national boundary  of  lignite-bearing  beds  that 
he  identified  with  the  '^  Great  Lignitic  or  Fort 
Union  group''  of  Hayden,  as  exposed  along 
Missouri  River.  This  view  was  affirmed  the 
following  year  in  an  article  on  the  '' Lignite 
formations  of  the  West,"  **  in  which  this  state- 
ment was  made: 

In  view  of  the  evidence  of  the  preponderant  animal  and 
vegetable  forms,  it  seems  reasonable  to  take  the  well-marked 
base  of  the  Lignite  series  as  that  of  the  lowest  Tertiary,  at 
least  at  present.  The  formations  described  belong  to  this 
lowest  Tertiary,  being  in  fact  an  extension  of  Hayden's  Fort 
Union  group,  and  from  analogy  may  be  called  Eocene. 

So  far  as  I  have  been  able  to  ascertain,  the 
term  Laramie  was  first  applied  in  the  Canadian 
provinces  also  by  Dawson  **  in  his  **  Report  on 

«  The  geological  map  of  North  Dakota:  North  Dakota  Univ.  Quart. 
Jour.,  vol.  4,  No.  1,  October,  1913. 

^  Dawson,  0.  M.,  Canadian  Naturalist,  new  ser.,  vol.  7,  p.  2S2,  1874. 

«4  Dawson,  O.  M.,  Canada  Ged.  Survey  Kept.  Progress  for  1879-80,  pp . 
127-134B. 
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an  exploration  from  Fort  Simpson,  on  the 
Pacific  coast,  to  Edmonton,  on  the  Saskatche- 
wan, embracing  the  northern  part  of  British 
Columbia  and  the  Peace  River  country.*^  In 
discussing  the  Peace  River  section  he  several 
times  alluded  to  the  Laramie  as  following  the 
Fox  Hills  conformably,  but  whether  he  in- 
tended to  refer  it  to  the  Cretaceous  or  the 
Tertiary  is  not  quite  clear,  though  in  a  '*  com- 
parative table  of  Cretaceous  rocks"  he  made 
the  so-called  Laramie  equivalent  to  the  Fort 
Union  and  Judith  River  beds  of  Nebraska  and 
Missouri  rivers  and  also  to  the  ''Lignite 
Tertiary"  of  the  forty-ninth  parallel. 

A  year  or  two  later,  in  his  preliminary  paper 
on  the  ''Geology  of  the  Bow  and  Belly  River 
region,"  Dawson  **  took  occasion  to  define  the 
use  of  Laramie  as  follows: 

The  term  Laramie  Ib  used  in  a  general  sense  for  the  Upper 
Cretaceous  or  lower  Eocene  beds  which  overlie  the  Fox 
Hills  series  (Cretaceous  No.  4).  It  is  not  intended  by  itA 
use  to  differentiate  the  beds  so  named  from  those  of  the 
Judith  River  and  Fort  Union  series,  with  which  thry  may 
be  found  to  blend  as  the  intervening  district  is  more  com- 
pletely explored. 

In  describing  the  general  arrangement  of 
the  beds  in  the  Belly  River  region,  Dawson 
gave  the  following  section: 


Laramie. 


Fox  Hills. 


Pierre. 


Beds  of  the  Porcupine  Hills,  chiefly  thick- 
bedded  sandstones  and  some  shales. 


Willow  Creek  series.    Reddish  and  purplish 
clays  with  gray  and  yellow  sandstones. 


St.  Mary  River  series.  Sandstones,  shales, 
and  clays  of  general  grayish  or  grayieh- 
green  colors. 


Yellowish  sandstones  and  shaly  beds,  with  a 
mingling  of  fresh-water  and  brackish  or 
marine  moUusks. 


Yellowish  sandstones,  with  some  shales,  ir- 
regular in  thickness  and  character.  Mol- 
lusks  all  marine. 


Niobrara  (?). 


Blackish  and  lead-colored  shales,  etc. 


Belly  River  series. 


The  complete    report  on  the  '^coimtry  in 
the  vicinity  of  Bow  and  Belly  rivers,  North- 

«*  Dawson,  0.  M.,  Canada  Oeol.  Survey  Kept.  Progress  for  1880-1882, 
p.  2b,  1883. 


west  Territory,"  was  published  by  Dawson  *• 
in  1885.  In  this  report  the  descriptions  of 
the  '^ Laramie"  are  amplified  and  the  thick- 
ness given.  Thus  the  Porcupine  Hills  beds  are 
given  a  thickness  of  2,500  feet,  the  Willow 
Creek  beds  450  feet,  and  the  St.  Mary  River 
beds  2,800  feet. 

Dawson  ^^  continued  his  explorations  in  the 
Canadian  Rocky  Mountains,  his  report  pub- 
lished in  1886  including  that  portion  from  the 
international  boundary  northward  to  the  head- 
waters of  Red  Deer  River.  In  this  report 
he  alluded  many  times  to  the  presence  of  the 
''Laramie"  but  always  with  the  signification 
already  given  to  it. 

In  the  same  volume  R.  G.  McConnell  *■  pub- 
lished a  ''Report  on  the  Cypress  Hills,  Wood 
Mountain,  and  adjacent  country  in  Assiniboia," 
in  which  he  referred  to  the  current  uncertainty 
regarding  the  position  of  the  "Laramie"  and 
adopted  the  view  that  it  is  probably  transi- 
tional between  Cretaceous  and  Tertiary.  In 
the  Cypress  Hills  and  vicinity,  according  to 
McConnell,  it  is  apparently  conformable  to  the 
Fox  Hills  sandstone  and  of  small  thickness,  but 
in  the  Wood  Mountain  region  it  was  foimd 
to  be  better  represented  and  in  some  places 
capable  of  being  divided  into  three  "somewhat 
dissimilar  groups."  He  quoted  extensively 
from  Dawson^s  report  of  1875. 

In  the  following  year  (1887)  J.  B.  Tyrrell" 
presented  an  important  paper  on  northern 
Alberta  and  adjacent  districts  in  Assiniboia 
and  Saskatchewan,  in  which  he  made  a  com- 
plete realinement  of  the  "Laramie,"  although 
still  using  it  as  a  group  term.  He  established 
the  Edmonton  and  Paskapoo  series  in  substitu- 
tion for  the  names  proposed  by  Dawson.  As 
these  terms  have  now  come  into  wide  usage 
the  formations  may  be  described  at  some  length. 

The  Edmonton  series,  which  comprises  the 

lower  700  or  800  feet  of  Dawson's  St.  Mary 

River  series,  was  described  as  follows : 

This  is  perhaps,  on  the  whole,  the  most  characteristic 
series  of  the  entire  region,  for  though  its  thickness,  wher- 
ever determinable,  was  never  found  to  exceed  700  feet, 
the  horizontal  position  of  the  strata  causes  it  to  underlie 
a  very  large  extent  of  country. 

M  Dawson,  O.  M.,  Canada  Qeol.  Survey  Rept.  Progress  for  1882-1884, 
pp.  1-159C,  1885. 

<'  Dawson,  O.  M.,  Canada  Oeol.  and  Nat.  Hist.  Survey  Ann.  Rept., 
new  ser.,  vol.  1,  for  1885,  pp.  1-109B,  1886. 
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It  consbts  generally  of  whitish  or  light-gray  clay  and 
soft  clayey  sandstone,  weathering  very  rapidly,  with  more 
or  less  rounded  outlines.  In  some  places,  as  on  Red  Deer 
River  and  in  the  Hand  ^ills,  it  is  seamed  with  a  great 
number  of  beds  of  ironstone,  which  with  thin  beds  of  lig- 
nite and  lignitic  shale  give  a  definite  banded  character  to 
all  the  escarpments.  It  also  contains  a  great  number  of 
nodules  of  compact  ironstone,  which  are  often  perched  on 
little  pinnacles  cut  out  of  the  soft  sandstone.  In  the  north- 
em  portion,  especially  along  the  North  Saskatchewan,  the 
banded  appearance  is  seldom  seen,  though  with  the  ex- 
ception of  a  smaller  quantity  of  ironstone,  the  rock  has 
very  much  the  same  character  as  further  south. 

This  is  eisentially  the  coal-bearing  horizon  within  the 
district,  all  the  coal  found  east  of  the  foothills,  except 
probably  the  seams  on  the  upper  North  Saskatchewan  and 
at  Egg  Creek,  being  of  this  age.  The  top  of  the  formation 
is  marked  by  an  extensive  coal  deposit  seen  first  in  the 
Wintering  Hills  as  a  thin  bed  of  carbonaceous  shale,  but 
on  being  traced  northward  is  found  to  thicken  very  greatly, 
till  on  the  North  Saskatchewan,  neir  Goose  Encampment, 
it  has  a  thickness  of  25  feet.  The  bottom  of  the  series  lies 
confcyrmably  on  the  Pierre  shales,  without  any  shfirp  line 
of  demarcation  between  the  two.  In  fact,  the  shales 
gradually  lose  their  massive  character  and  change  almost 
insensibly  into  thin  beds,  which  are  of  decidedly  brackish- 
water  origin.  In  the  Pierre  remains  of  land  plants  and 
animals  are  very  rare,  while  here  traces  of  land  plants 
become  fairly  plentiful,  and  on  Red  Deer  River  dino- 
saurian  bones  are  met  with  in  great  abundance,  showing, 
with  the  presence  of  estuarine  shells,  the  partly  land- 
locked character  of  the  area  within  which  the  beds  were 
deposited. 

Toward  the  west  the  Edmonton  gradually 
disappears  beneath  the  overlying  beds  of  the 
Paskapoo,  and,  Tyrrell  added, 

In  many  places  the  junction  of  the  Pierre  and  Laramie 
was  plainly  seen,  the  sandstones  of  the  Paskapoo  series 
appearing  to  rest  conformably  on  the  shales  of  the  Pierre, 
BO  that  the  Edmonton  series  seems  to  thin  out  and  disap- 
pear between  its  western  outcrop  and  the  eastern  edge  of 
the  foothills. 

The  Edmonton  was  identified  with  the  lower 
division  of  the  Laramie  in  the  Cypress  Hills 
region,  described  by  McConnell,  and  with  the 
Wapiti  River  group  of  Dawson  in  the  Peace 
River  region. 

The  Paskapoo  series  was  said  to  include  '^all 
the  Laramie  rocks  lying  above  those  of  the 
Edmonton  series''  and  to  embrace  Dawson's 
''Porcupine  Hills  and  Willow  Creek  series  and 
all  but  the  lowest  700-900  feet  of  his  St.  Mary 
River  series.*'  The  maximum  thickness  not^d 
was  5,700  feet.  The  beds,  according  to 
Tyrrell, 

consist  of  more  or  less  hard  light-gray  or  yellowish,  brown- 
ish-weathering sandstone,  usually  thick  bedded  but  often 
showing  false  bedding;  also  of  light  bluish-gray  and  olive 
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sandy  shales  often  interstratified  with  bands  of  hard 
lamellar  ferruginous  sandstone  and  sometimes  with  bahds 
of  concretionary  blue  limestone,  which  burns  into  excel- 
lent lime.  *  *  *  The  whole  series,  as  shown  by  its 
invertebrate  fauna,  is  of  fresh- water  origin. 

The  lists  of  fossils  given  by  Tyrrell  show 
clearly  that  the  Paskapoo  is  to  be  correlated 
with  the  Fort  Union  of  the  Missouri  River 
region. 

As  regards  the  age  of  the  ** Laramie,"  Tyrrell 

concluded,  after  briefly  reviewing  the  evidence, 

that 

it  seems  reasonable  to  place  the  close  of  the  Cretaceous 
epoch  at  the  time  of  the  deposition  of  the  topmost  beds 
of  the  Edmonton  series,  and  that  the  Tertiary  epoch 
began  with  the  commencement  of  the  Paskapoo  period, 
during  which  a  great  thickness  of  sandstones  and  slindy 
shales  was  laid  down  without  any  apparent  break  or  un- 
conformity. 

In  the  same  volume  as  that  containing 
Tyrrell's  report  George  M.  Dawson  *°  presented 
certain  *' Notes  to  accompany  a  geological  map 
of  the  northern  portion  of  the  Dominion  of 
Canada,  east  of  the  Rocky  Mountains,"  in 
which  he  stated  that  in  the  valley  of  Mackenzie 
River  near  the  mouth  of  Bear  Lake  River 
Richardson  found  rocks  which  he  referred  to 
the  *' Lignite  formation"  but  which  ''with 
little  doubt  represent  the  series  now  known  as 
the  Laramie." 

In  the  subsequent  annual  reports  of  the 
Canada  Geological  Survey  the  ''Laramie" 
continued  to  receive  occasional  mention,  but 
no  extensive  papers  in  which  it  was  involved 
were  published,  and  the  usage  of  the  term  con- 
tinued about  as  established  by  Tyrrell,  for 
central  Alberta.  A  number  of  papers  were 
published  from  time  to  time  by  Sir  William 
Dawson,  J.  F.  Whiteaves,  E.  D.  Cope,  L.  M. 
Lambe,  and  others  on  different  phases  of  the 
paleontology  of  the  Canadian  "Laramie." 
Thus,  as  early  as  1885  Whiteaves"  published 
a  "Report  on  the  Invertebrata  of  the  Laramie 
and  Cretaceous  rocks  of  the  vicinity  of  the 
Bow  and  Belly  rivers  and  adjacent  localities  in 
the  Northwest  Territory,"  in  which  he  de- 
scribed some  35  species  from  the  so-called 
Laramie  of  Alberta  and  the  Souris  River  dis- 
trict, this  being  a  paleontologic  supplement  to 
Dawson's  paper  on  the  same  region  already 
noted.  He  also  described  many  species  from 
the  Belly  River  series,  of  which  he  said : 

M> Canada  Oeol.  and  Nat.  Hist.  Survey  Ann.  Rept.,  new  ser.,Tol.  2, 
for  1886.  pp.  18,  19R.  1887. 
w  Whiteaves,  J.  F.,  Contr.  Canadian  Paleontology,  vol.  1,  pt.'l,  1885. 
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Judging  from  their  respective  invertebrate  iaunae,  it 
would  seem  impracticable  to  separate  the  "Belly  River 
series"  from  the  Laramie  and  more  especially  from  the 
''Judith  River  group"  on  purely  paleontological  evidence. 

Dawson  published  several  papers  on  the 
flora  of  the  ** Laramie.*'  In  a  paper  on  the 
Cretaceous  and  Tertiary  floras  of  British 
Columbia  and  the  Northwest  Territory  ^  he 
gave  lists  of  ** Laramie''  plants  from  several 
localities.  He  considered  the  so-called  Laramie 
as  equivalent  to  the  Fort  Union,  and  the  plants 
mentioned  undoubtedly  bear  this  out.  In 
1885,  in  his  paper  on  the  Mesozoic  floras  of  the 
Rocky  Mountain  region  of  Canada,"  he  dis- 
cussed the  Belly  River  and  so-called  Laramie 
series,  which  he  then  failed  to  differentiate.  He 
divided  the**  Laramie"  into  three  * 'groups" — 
the  ** Lower  Laramie,"  which  embraced  the 
St.  Mary  River  series  of  George  M.  Dawson; 
the  ** Middle  Laramie,"  or  Willow  Creek  series 
of  Dawson;  and  the  ** Upper  Laramie,"  or 
Porcupine  Hill  series  of  Dawson.  To  judge 
from  the  lists  of  plants  given,  it  would  seem 
that  there  had  been  some  mixture  of  horizons 
when  the  collections  were  made. 

Dawson's  third  paper,  on  the  fossil  plants  of 
the  Laramie  formation  of  Canada,^  introduced 
still  another  set  of  terms.  He  stated  that  the 
'* Laramie"  of  Canada  occurs  in  two  large 
areas  west  of  the  100th  meridian  and  separated 
from  each  other  by  a  tract  of  older  Cretaceous 
rocks.  The  eastern  of  these  areas  extends  for 
some  distance  along  the  United  States  bound- 
ary between  the  102d  and  109th  meridians 
and  northward  nearly  to  the  parallel  of  51®. 
Here,  he  said,  the  lowest  beds  of  the  *  *Laramie  " 
rest  on  Fox  Hills  and  are  overlain  by  Miocene. 
He  continued: 

They  are  undoubtedly  continuous  with  the  Fort  Union 
group  of  the  United  States  geologists  on  the  other  side  of 
the  international  boundary,  and  they  contain  similar 
foesil  plants.  They  are  divisible  into  two  groups--a 
lower,  mostly  argillaceous,  and  to  which  the  name  of 
*'Bad  lAnds  beds,"  may  be  given  from  the  '"badlands" 
of  Wood  Mountain,  where  they  are  well  exposed,  and  an 
upper,  partly  arenaceous  member,  which  may  be  named 
the  Soiuis  River  or  Porcupine  Creek  division.  In  the 
lower  division  are  found  reptilian  remains  of  Upper 
Cretaceous  type,  with  some  fish  remains  more  nearly  akin 
to  those  of  the  Eocene. 

The  western  area  is  of  still  larger  dimensions 
and  extends  along  the  eastern  base  of  the  Rocky 

■■  Roy.  Soc.  Canada  Trans.,  vol.  1,  sec.  4,  pp.  15-34, 1883. 
u  Idem,  vol.  3,  sec.  4,  pp.  1-22, 1885. 
M  Idem,  vol.  4,  sec.  4,  pp.  10-34, 1887. 


Mountains  from  the  United  States  boundary 
to  about  the  58th  parallel  of  latitude  and  thence 
eastward  to  the  11 1th  meridian.  In  this  area 
three  divisions  of  the  beds  are  made : 

(1)  The  Lower  Laramie,  or  St.  Mary  River  series, 
corresponding  in  its  character  and  fossils  to  the  Lower  or 
Bad  Lands  division  of  the  other  area;  (2)  a  middle  divi- 
sion, the  Willow  Creek  beds,  not  recognized  in  the  other 
area;  (3)  the  Upper  Laramie  or  Porcupine  Hills  division, 
corresponding  in  fossils  and  to  some  extent  in  mineral 
character  to  the  Souris  River  beds  of  the  eastern  area. 

The  paper  enumerated  51  forms  of  plants, 
of  which  10  were  found  in  the  ^  'Lower  Laramie'' 
and  the  remainder  in  the  ** Upper  Laramie/' 
with  about  8  in  common.  It  is  essentially  a 
Fort  Union  flora. 

Several  years  later  Dawson "  published 
another  short  paper  dealing  mainly  with  plants 
from  Mackenzie  River,  which  he  showed  are 
to  be  identified  with  the  Fort  Union. 

In  1893  Whiteaves  ^  delivered  a  presidential 
address  before  the  Royal  Society  of  Canada, 
on  "The  Cretaceous  system  of  Canada," 
which  was  mainly  an  enumeration  of  the  fossi^ 
forms  that  had  been  recorded  from  the  several 
members  of  the  Cretaceous.  Although  he  did 
not  specifically  so  state,  it  is  evident  that  he 
included  in  the  "Laramie"  both  the  "Lower 
Laramie"  and  *^Upper  Laramie"  of  previous 
writers,  and  of  course  it  was  all  regarded  a.<» 
Cretaceous. 

In  1908  D.  P.  Fenhallow"  presented  an 
elaborate  "Report  on  Tertiary  plants  of  British 
Columbia,"  which  was  based  primarily  on 
collections  made  by  L.  M.  Lambe  in  1906  but 
which  was  made  to  include  all  previous  work 
by  Dawson  and  others  within  this  area.  If 
Fenhallow  had  taken  occasion  to  revise  the 
earlier  work,  this  could  have  been  made  a  very 
valuable  contribution,  but  xmfortunately  he 
made  no  attempt  at  revision  and  the  lists  were 
compiled  without  chunge.  The  **Laramie'' 
here  was  said  to  include  only  the  "Upper 
Laramie"  (Paskapoo  of  Tyrrell),  which  was 
made  synonymous  with  Fort  Union,  lower 
Eocene,  and  "Lignite  Tertiary."  The  conclu- 
sion of  Sir  William  Dawson  that  the  "Upper 
Laramie"  is  undoubtedly  of  Tertiary  age  was 
confirmed. 

K  Dawson,  William,  On  fossil  plants  from  the  Mackenzie  and  Bow 
rivers;  Roy.  Soc.  Canada  Trans.,  vol.  7,  sec.  4,  pp.  00-74, 1880. 

I*  Whiteaves,  J.  F.,  Roy.  Soc.  Canada  Trans.,  vol.  9,  sec.  4,  pp.  1-10, 
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For  a  decade  or  more  after  the  publication 
of  the  papers  above  mentioned  very  little 
investigation  appears  to  have  been  prosecuted 
in  the  areas  covered  by  tbe  so-called  "Latamie/' 
and  the  subject  remained  practically  as  left 
by  the  earlier  writers.  Then,  in  a  valuable 
paper  published  in  1909,  by  D.  B.  Dowling," 
on  the  ''Coal  fields  of  Manitoba,  Saskatchewan) 
Alberta,  and  eastern  British  Columbia,''  the 
"Laramie"  was  said  to  embrace  the  Edmonton 
and  Paskapoo  with  the  significance  attached  by 
Tyrrell,  from  whom  extensive  quotations  were 
taken. 

Bowling's  report  was  summarized  in  the 
report  of  the  Director  of  the  Canadian  Geologi- 
cal Survey,"  who  gave  a  full-page  table  of 
correlations  of  the  formations  involved,  in 
which  the  ''Laramie"  was  assigned  the  in- 
terpretation adopted  by  Dowling. 

In  the  following  year  Dowling  ^  published  a 
short  bulletin  on  the  Edmonton  coal  field, 
Alberta,  which  was  devoted  mainly  to  the 
wonderfully  rich  coal  deposits  of  the  Edmonton 
formation.  The  term  "Laramie"  was  not 
mentioned  in  this  bulletin,  but  the  Edmonton 
was  "classed  with  the  undoubted  Cretaceous 
beds  below  and  represents  the  upper  member 
of  this  series."  The  plants  listed,  if  correctly 
identified,  indicate  a  mixture  of  Cretaceous 
and  Tertiary  (Fort  Union)  types. 

In  1913  Malcolm  °*  published  a  paper  on 
the  "Oil  and  gas  prospects  of  the  Northwest 
Provinces  of  Canada,"  in  which  the  Edmonton 
and  Paskapoo  weie  grouped  under  the  "Lara- 
mie" with  the  following  qualification: 

In  placing  under  this  heading  the  formations  to  be 
described,  it  is  not  the  intention  of  the  author  to  indicate 
in  this  way  the  precise  age  of  the  formations  or  to  indicate 
the  dividing  line  b^ween  the  great  geological  systems. 
The  grouping  is  for  convenience  in  description  and  for 
the  purpose  of  showing  the  stratigraphic  relations  of  the 
formations. 

There  seems,  however,  to  have  been  no 
general  understanding  or  usage,  and  in  the 
Summary  Report  of  the  Canada  Survey  for 
1913,  published  in  1914,  D.  B.  Dowling  ^^  ^ad 
a  short  paper  on  the  Sheep  River  gas  and  oil 
field  of  Alberta,  in  which  the  Paskapoo  was 
put  into  the  Tertiary  and  the  Edmonton  into 

M  Canada  Oeol.  Survey  Pub.  1035,  pp.  38-13, 1909. 

<•  Canada  Oeol.  Survey  Summary  Rept.  for  1900,  p.  38, 1910. 

»  Dowling,  D.  B.,  Canada  Oeol.  Survey  Mem.  8E  (Pub.  1115),  1910. 
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the  Cretaceous,  but  the  term  *' Laramie"  was 
not  used. 

In  the  same  volume  Bruce  Rose**  had  a  short 
paper  on  the  Willowbimch  coal  area,  Saskat- 
chewan, in  which  he  stated  that  the  only 
rocks  exposed  in  this  area  are  to  be  referred  to 
the  Fort  Union  formation,  which  is  essentially 
the  same  as  the  Paskapoo  formation  of  Alberta 
and  is  practically  continuous  with  the  Fort 
Union  of  the  United  States. 

Barnum  Brown'*  |)ublished  a  paper  in  1914, 
already  mentioned  in  another  connection, 
which  presented  the  results  of  his  studies  for  a 
number  of  years  of  the  Edmonton  formation 
of  the  Red  Deer  River  region  of  Alberta.  The 
splendid  section  exposed  for  a  distance  of  300 
miles  along  this  river  cuts  successively  through 
the  Paskapoo  and  Edmonton  and  well  down 
into  the  Pierre.  The  classification  adopted 
was  *'  the  latest  determination  of  these  forma- 
tions by  the  Canadian  Geological  Survey '* 
and  grouped  the  Paskapoo  and  Edmonton 
under  the  *^  Laramie."  According  to  Brown, 
the  Edmonton  wherever  observed  was  found 
resting  in  apparent  conformity  on  the  Pierre. 
The  relations  between  the  Edmonton  and  the 
overlying  Paskapoo  were  described  by  Brown 
asfoUows: 

Near  the  mountains  these  beds  (Paskapoo),  according 
to  Tyrrell,  appear  to  rest  conformably  on  the  Pierre  shales. 
On  the  Red  Deer  River  and  elsewhere  they  are  separated 
from  the  underlying  brackish-water  Edmonton  beds  by  a 
widely  distributed  coal  seam  of  varying  thickness.  No 
other  sign  of  unconformity  has  been  recognized,  but  a 
considerable  time  elapsed  between  the  close  of  the  Ed- 
monton and  the  beginning  of  the  Paskapoo — a  time  in- 
terval represented  by  all  or  the  greater  part  of  the  Lance. 
No  dinosaurs  are  found  in  these  beds,  and  the  abundant 
and  vairied  dinosaurs  of  the  underlying  Edmonton  forma- 
tion are  an  older  fades  than  those  of  the  Lance. 

The  several  lines  of  paleontologic  evidence 
were  discussed  somewhat  at  length,  especially 
the  vertebrate  evidence,  in  which  Brown  is  a 
specialist.  Concerning  the  dinosaur  fauna  he 
said : 

The  vertebrate  fauna  is  distinct  from  that  of  the  Lance, 
and  few  species  are  common  to  the  two  formations.  Most 
of  the  Edmonton  genera  are  structurally  more  primitive 
than  those  of  the  Lance,  and  several  genera  not  found  in 
the  Lance  are  common  to  the  Judith  River.  The  faunal 
fades,  as  a  whole,  is  intermediate  but  closer  to  that  of  the 
Judith  River  formation  than  to  the  Lance.    *    ♦    *    The 


M  Idem,  p.  153. 

M  Cretaceous  Eocene  correlation  in  New  Mexico,  Wyoming,  Montana 
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\ 


48 


LARAMIE  FLORA  OF  THE  DENVER  BASIN. 


dinoMur  fauDA  fomu  ft  seriw  of  aucceoeive  genera,  the  ' 
phyletic  relationship  of  which  ia  detennined  by  the 
evolutionuy  developmeot  of  skeletal  put«,  and  there  is  no 
break  in  this  seriea  from  its  first  appearance  low  down  in 
the  Cretaceous  to  the  final  disappearance  of  the  entire 
group  in  what  we  propoae  to  call  the  ctoae  of  the  Cretaceous. 

The  invertpbnites  were  submitted  to  T.  W. 
Stanton,  who  commented  as  follows: 

I  have  recently  eumioed  your  invertebrates  from  the 
Edmonton  and  Paskapoo  fonnationa  of  Alberta.  Those 
which  you  have  already  Bent  from  the  Edmonton  beds 
include  several  lota  of  hrackish-water  shells,  with  aalighter 
mixture  of  marine  forms  {LuTuUia),  and  several  lota  of 
purely  fresh-water  sheila.  The  brackish -water  collectioos 
are  certainly  Oretaceoua  and  consist  of  species  which  all 
occur  either  in  identical  or  very  cloaety  related  forms  in 
both  the  Judith  River  and  in  the  brackish-water  bed 
which  occurs  at  the  top  of  the  Fox  Hills  and  the  base  of  the 

The  fresh-water  collections  contwn  no  species  charac- 
teristic of  either  the  Judith  River  or  the  L«nce,  and  while 
some  of  them,  like  Ooniobatit  tenuicarinata,  occur  in  the 
Lance,  the  general  aspect  of  the  fossils  is  aomewhat  more 
suggestive  of  [Fort  Union  than  of  anything  earlier.  It 
should  be  remembered,  however,  that  Whiteav«fl  has  re- 
ported a  number  of]  Fort  Union  species  as  occurring  in 
the  Belly  River  beds  of  Alberta,  and  it  may  be  that  more 
of  these  types  than  we  have  supposed  range  down  as  low 
as  the  Judith  River." 

The  fossil  plants  wore  studied  by  Arthur 
Hollick  and  me  and  pronounced  to  be  of  Fort 
Union  age,  though  a  small  collection  from  the 
lower  part  of  the  Edmonton  submittpd  to  me 
at  a  later  date  appeared  to  bo  of  Cretaceous 
affinity." 

As  rf^arda  the  age  of  the  Edmonton,  Brown 
said: 

The  Edmonton  formation  differs  greatly  in  lithologic 
character  from  the  Fox  Hills,  which  occupies  the  same 
relative  position  in  the  United  States,  where  it  ia  a  sand- 
stone formation,  but  1  believe  it  to  have  been,  in  part  at 
least,  synchronous  with  the  Fox  Hills.  It  may  poesihly 
be  correlated  with  the  Laramie,  according  to  its  original 
definition. 

In  a  later  paragraph  he  added : 

The  atrata  (Edmonton)  are  of  marine  and  brackish- 
water  origin  and  everywhere  conformably  overlie  the 
marine  beds  below.  The  shale  aeries  shows  an  inter- 
rupted Buccesaive  aedimentation  from  purely  marine  con- 
ditions at  the  base,  through  brackish  water  during  most 
of  the  period,  with  a  gradual  freshening  toward  the  top. 
This  formation  fulfilla  the  original  delinition  of  the  term 
Laramie,'' 


"The  words  In  br«ckBts.  whirh  wereomUtMl  (mm  I 
through  in  error  In  iranicrlpllon  «  In  prlnllng,  were  ac 
SlkDtoD  In  ■  personal  coaimunlalloii  to  me. 

"  KnovllOD,  P.  H.,  CretHeoiu-Tcrtlary  boundarj' 
Uounuiii  region:  Oeol.  Soc.  America  Bull,,  vd.  £5,  p.  33T,  1014. 

"Brown  wailn  emr  on  this  polnl,  roi,  »ccocdlDg  to  King's  orlgiiiBl 
daflnlUoD,  Uie  Laramie  is  the  "uppennciai  member  o(  the  conronnablo 
CrelacMUs  series  sbnre  the  Fox  mil)." 


1  the  Kock^ 


According  to  Brown,  the  Paskapoo  forma- 
tion, as  already  mentioned,  was  conformable 
on  the  Edmonton,  though  he  thought  there 
was  a  time  interval  between  them,  as  shown  by 
the  absence  of  all  or  nearly  all  of  the  Lance 
formation.  The  Paskapoo,  although  contain- 
ing no  dinosaurs,  has  a  small  mammal  fauna, 
which,  he  said,  "is  more  varied  than  that  of 
the  Lance  and  is  comparable  to  it." 

A  late  word  on  the  correlation  of  the  Edmon- 
ton with  beds  in  the  Unite»l  States  is  spoken  by 
Eugene  Stebinger**  in  his  paper  on  "The 
Montana  group  of  northwestern  Montana." 
The  uppermost  member  of  the  Montana  group 
recognized  was  here  called  the  Horsethief 
sandstone,  which  is  the  equivalent  of  the  Fox 
Hills  as  identified  by  G.  M.  Dawson  in  Alberta. 
Stebinger's  conclusion  was  as  follows: 

Above  the  Horrethief  sandstone  in  the  section  on  Two 
Medicine  River  there  are  light-colored  soft  clayey  and 
sandy  strata,  already  referred  to  as  of  continental  origin, 
that  are  identical  in  appearance  with  the  Relly  River  and 
Judith  River  strata.  Although  these  rocks  are  younger 
than  Montana  in  age,  they  deserve  mention  here  because 
they  seem  to  complete  for  a  third  time  a  cycle  of  sedimen- 
tation proceeding  from  purely  marine  to  freeh-waier  or 
continental  conditions.  The  first  of  these  cycles  is  from 
the  marine  Colorado  shale,  through  Virgelle  s^mdatone, 
to  the  strata  of  continental  origin  in  the  lower  part-of  the 
Two  Medicine  formation;  the  second  is  from  the  marine 
shale  of  the  Cloggett,  through  the  sandstone  in  iu  upper 
port,  to  strata,  also  of  continental  origin,  comprising  the 
Judith  River  formation;  and  the  third  is  from  the  marine 
Bearpaw.  through  the  Horsethief  sandstone,  to  the  conti- 
nental depoeite  above  that  sandalone.  The  relations  in 
each  cycle  between  the  continental  deposits  and  the 
underlying  sandstone  seem  to  be  identical.  The  strata 
are  apparently  perfectly  conformable,  and  the  impreesion 
is  very  strong  that  the  same  conditiona  ruled  fn  each 
tranaitiun  from  marine  to  land  conditinnH.  ur,  in  other 
worda,  the  strata  above  the  ilorsethiet  aandatone  are 
physically  as  closely  related  to  the  Beirpiw  ahale  as  the 
Judith  River  formation  ia  to  the  ('l^gett  or  the  Two 
Medicine  formation  to  the  Colorado  shale.  Now,  these 
atrata  of  continental  origin  above  the  Horsethief  sandstone 
constitute  the  St.  Mary  River  beds  "of  Dawaon,  which 
occupy  the  aame  position  in  the  geologic  column  as  the 
Edmonton  fiirmation  of  central  Alberta  and  approxi- 
mately ihat  of  the  I«nce  fonnation  of  Wyoming. 


The  HFea  in  the  vicinity  of  Livingston, 
Munt.,  ami  extending  thence  southward  to 
the  northern  border  of  the  Yellowstone  Na- 
tional Park  anil  northward  around  the  Crazy 
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Mountains  has  proved  to  bo  of  much  geologic 
interest.  A  number  of  short  reports  and  news- 
paper and  magazine  articles  regarding  this, 
area  had  appeared  prior  to  1871,  but  they 
were  devoted  mainly  to  descriptions  of  scenic 
features  and  contained  little  or  no  geologic 
information.  In  1871  F.  V.  Hayden  •*  began 
his  investigations  in  the  Yellowstone  National 
Park  and  incidentally  described  the  geology 
of  the  area  between  Fort  Ellis  and  what  is 
now  the  north  line  of  the  park.  He  noted  the 
presence  of  both  Cretaceous  and  Tertiary 
rocks  in  the  area.  In  the  same  report '® 
Lesquereux  described  the  fossil  plants  obtained 
by  the  Hayden  partial,  referring  those  found 
6  mUes  above  Spring  Canyon;  on  High  Ridge, 
about  10  miles  west  of  Hot  Springs;  and  at 
Yellowstone  I^ake,  among  basaltic  rocks,  to 
the  Eocene,  while  those  from  the  mouth  of 
Spring   Canyon   were    not    definitely    placed. 

In  the  following  year  the  exploration  of 
the  Yellowstone  National  Park  was  continued 
by  the  Hayden  Survey,  and  A.  C.  Peale  '' 
reported  on  the  geology  of  the  area  between 
Fort  Ellis  and  the  Yellowstone  Valley  and 
thence  up  the  Yellowstone  to  the  park.  He 
also  noted  the  presence  of  Cretaceous  and 
Eocene,  the  latter  on  the  basis  ot  the  deter- 
minations of  the  fossil  plants  by  Lesquereux. 

In  1878  Lesquereux"  published  his  * 'Ter- 
tiary flora/'  in  which  he  brought  together  all 
the  species  of  plants— 329  in  number — which 
he  then  considered  as  belonging  to  the  flora  of 
the  **Lignitic.*'  The  beds  at  the  localities 
near  Fort  Ellis,  above  Spring  Canyon,  and  at 
Yellowstone  Lake  he  referred  to  his  so-called 
'* first  group,''  which  he  considered  as  of 
Eocene  age.  The  species  from  the  locality  at 
the  mouth  of  Spring  Canyon  were  not  alluded 
to,  as  they  were,  at  least  by  inference,  con- 
sidered  as  Cretaceous. 

In  1886  the  final  report  of  the  Tenth  Census 
of  the  United  States  relating  to  the  mineral 
resources,  exclusive  of  the  precious  metals,  was 
published  under  the  general  direction  of 
Raphael  PumpcUy.  It  embraced  reports  by 
Waldemar   Lindgren'^    and    George    H.  Eld- 

*  U.  8.  Geol.  Survey  Terr.  Fifth  Ann.  Rept.,  for  1871,  pp.  1-165,  1872. 
'•  Idem,  pp.  296-300. 

"  U.  8.  Geol.  Survey  Terr.  Sixth  Ann.  Rept.,  for  1872,  pp.  108  et  .seq., 
1873. 
w  Lesquereux,  Leo,  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7, 1878. 
»  U.  8.  Tenth  Census,  vol.  15,  pp.  743-746, 1886. 


ridge'*  on  the  geology  and  coal  resources  of 
Montana,  and  each  contained  data  bearing 
more  or  less  directly  on  the  present  problem. 
Lindgren  reported  especially  upon  the  section 
from  the  Bull  Mountains  to  Musselshell  River 
aAd  referred  the  immense  thickness  of  nearly 
1(},000  feet  of  beds  above  the  Fox  Hills  to  the 
Laramie,  which  he  divided  into  a  ^*  Lower 
Laramie'*  and  an  * 'Upper  Laramie,"  the  latter 
being  recognized  as  the  Fort  Union. 

The  so-called  Bozeman  coal  field  was  de- 
scribed by  Eldridge.  He  presented  a  section 
of  the  rocks  (LVI.  fig.  2)  through  this  field, 
beginning  with  the  Jurassic  and  including  the 
Dakota,  Benton,  and  Niobrara  and  of  course 
the  coal-bearing  rocks.  The  coal-bearing  rocks 
were  not  definitely  referred  to  the  Laramie, 
though  thev  were  obviously  considered  as  be- 
longing in  it.  As  regards  the  stratigraphic  rela- 
tions of  the  coal  measures,  Eldridge  wrote  as 
follows: 

There  is  another  most  important  peculiarity  in  the  be- 
havior of  the  principal  coal  seams,  noticed  in  the  oastem 
portion  of  the  field.  The  surface  of  the  ground  on  which 
the  coal  bed  was  originally  laid  down  is  most  irregular. 
For  a  length  of  2  miles  at  least,  and  for  an  undetermined 
width,  but  presumably  covering  quite  an  area  altogether, 
the  surface  was  covered  by  gentle  undulations  in  the  form 
of  knolls,  of  varying  and  irregular  dimensions,  oftentimes 
extensive,  oftentimes  a  few  feet  only  either  way,  with  no 
definite  arrangement  of  the  axes.  In  the  hollows  of  these, 
overlapping  some  and  only  coming  up  on  the  sides  of  others, 
the  material  subsequently  to  be  converted  into  coal  was 
laid  down,  and  finally  came  the  roof  of  sandstone,  capping 
the  whole.  These  irregularities  have  furthermore  been 
increased  by  disturbances  in  certain  parts,  which  have 
caused  both  rock  and  coal  to  be  slickensided  and  rendered 
it  extremely  friable. 

In  the  same  year  (18S6)  Lester  F.  Ward" 

briefly  alluded  to  the  plants  from  the  Hayden 

locality    known    as    **6    miles    above    Spring 

Canyon,   near   Fort   Ellis,   Mont.,*'  and   from 

several  places  in  the  Yellowstone  Park.     He 

said: 

These  plants  are  all  classed  by  Mr.  Lesquereux  in  his 
first  or  lowest  group  as  true  Laramie,  but  upon  careful 
investigation  I  am  tolerably  well  satisfied  that  they  belong 
to  the  Fort  L^nion  deposits. 

In  1891  Walter  H.  Weed  ^«  published  a  short 
paper  on  ^^The  Cinnabar  and  Bozeman  coal 
fields  of  Montana,'*  in  which  he  described  in 


1*  Idem,pp.739-7i3. 

r&  Synopsis  of  the  flora  of  the  Laramie  group:  U.  S.  Oeol.  Survey  Sixth 
Ann.  Rept.,  p.  741,  1886. 
"  Geol.  Soc.  America  Bull.,  vol.  2,  pp.  319-^4, 1801. 
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some  detail  the  coal  measures  of  these  areas. 
His  conclusions  concerning  their  age  wer3  set 
forth  as  follows: 

While  the  evidence  presented  in  this  paper  is  not  con- 
sidered conclusive,  and  while  the  work  upon  the  district  is 
not  fsj  enough  advanced  to  warrant  a  final  statement,  yet 
it  is  believed  that  the  facts  show  that  the  coal  measures  of 
the  Cinnabar  and  Bozeman.coal  fields  are  probably  of 
Laramie  age,  occurring  at  the  very  base  of  the  Laramie 
series,  and  that  they  are  conformably  overlain  by  a  totally 
different  series  of  rocks,  composed  entirely  of  volcanic 
material  and  containing  an  abundant  fossil  flora  of  recog- 
nized Laramie  types,  in  turn  overlain  by  beds  of  fresh- 
water clays  and  sandstones  of  undetermined  age  but  be- 
longing to  what  has  heretofore  been  considered  as  undoubt- 
edly Laramie  strata. 

The  Livingston  formation  was  named  by 

Weed^'  in  1893  from  its  typical  development 

near  the  town  of  Livingston,  Mont.     For  the 

decade  or  more  preceding  the  publication  of 

this  paper  the  great  thickness  of  rocks  in  this 

region  above  the  supposed  Montana  Cretaceous 

had  been  very  generally  regarded  as  Laramie. 

Weed  said:^* 

Measured  sections  of  the  strata  about  the  Crazy  Moun- 
tains show  a  thickness  of  12,000  feet  of  fresh-water  sand- 
stones and  clays  referred  to  the  Laramie.  It  is  now  possi- 
ble to  subdivide  this  great  thickness  of  beds  into  Laramie, 
a  higher  horizon  herein  named  the  Livingston,  and  the 
stiU  higher  beds  of  the  Crazy  Mountains,  which  have  not 
as  yet  been  differentiated  into  horizons  but  probably 
represent  the  Fort  Union  beds  of  eastern  Montana. 

It  was  thought  by  Weed  and  later  by  others 
that  'Hhese  beds  present  proof  of  a  series  of 
events  following  the  epoch  of  the  coal-making 
Laramie  similar  to  those  described  by  Whitman 
Cross,  in  Colorado,  of  which  the  Arapahoe  and 
the  Denver  beds  are  the  evidence." 

Weed's  description  of  the  Mesozoic  section 
began  with  the  Jurassic,  above  which  is  what 
he,  following  previous  workers  in  the  field, 
called  the  Dakota,  which,  he  said,  **  forms  the 
most  persistent  and  readily  recognizable  horizon 
of  the  Rocky  Mountain  Mesozoic."  Above  the 
beds  identified  as  the  Dakota  are  over  3,000 
feet  of  shales,  in  many  places  carbonaceous, 
and  interbedded  sandstones,  that  he  divided 
about  equally  between  the  Colorado  and  the 
Montana,  though  he  stated  that  '^  a  satisfactory 
discrimination  between  the  beds  of  the  Colo- 
rado and  those  forming  this  group  (Montana) 


^  Weed,  W.  H.,  The  Laramie  and  the  overlying  Livingston  formation 
in  Montana,  with  report  on  flora,  by  F.  H.  Knowlton:  U.  S.  Geol. 
Survey  Bull.  105,  pp.  1-68, 1803. 

n  Idem,  p.  11. 


can  not  be  made  on  paleontologic  grounds,  as 
few  fossils  have  been  collected  in  the  beds 
assigned  to  the  Montana."  The  Fox  Hills  was 
not  definitely  recognized,  though  Weed  said: 
'*  In  the  eastern  part  of  the  field  the  dark-gray 
sandy  shales  [of  the  Montana]  are  directly 
overlain  by  a  heavy  ledge  of  yellow,  rather 
dark,  and  very  massive  sandstone,  which  is 
thought  to  be  the  equivalent  of  the  Fox  Hills 
sandstone."  Conformably  above  this  is  the 
Laramie  as  then  recognized.  It  is  about  1,000 
feet  in  thickness  and  is  composed  of  massive 
light-colored  sandstones  with  intercalated  shale 
beds  and  coal  seams.  ''  The  upper  limit  of  the 
Laramie  in  the  region  studied  is  marked  by 
an  abrupt  change  in  the  composition  of  the 
beds  and  closely  resembles  in  general  charac- 
teristics that  change  which  has  been  found  so 
prominently  developed  in  Colorado." 

The  Livingston  was  described  by  Weed  as 
follows : 

Overlying  the  coal-bearing  Laramie  strata  there  is  a 
series  of  beds  constituting  a  newly  recognized  formation, 
for  which  the  name  Livingston  is  proposed,  as  it  is  typically 
developed  in  the  vicinity  of  Livingston.  This  formation 
consists  of  a  series  of  beds,  in  places  aggregating  7,000  feet 
in  thickness,  composed  of  sandstones,  grits,  conglomerates, 
and  clays,  made  up  very  largely  of  the  debris  of  andesitic 
lavas  and  other  volcanic  rocks  and  including  local  inter- 
calations of  volcanic  agglomerates. 

The  Livingston  formation  was  believed  by 
Weed  to  rest  unconformably  on  the  Laramie, 
and  the  basis  for  this  belief  was  set  forth  at 
length  in  the  paper  under  consideration.  The 
upper  part  of  the  Livingston  was  said  to  pasa 
without  observed  stratigraphic  break  into  the 
overlying  beds  then  presumed  and  since  proved 
to  belong  to  the  Fort  Union  formation. 

The  fossil  plants  of  the  Bozeman  coal  field 
and  adjacent  areas  were  considered  by  me  in 
Weed's  report  above  cited,'*  in  a  more  formal 
presentation  of  the  facts  published  the  pre- 
ceding year.'®  The  fossil  flora,  as  then  known, 
embraced  44  species,  and  the  conclusion  was 
reached  that  the  plants  from  the  coal-bearing 
beds  belong  ''  to  what  is  generally  known  as  the 
Laramie,"  while  ''the  flora  of  the  Livingston 
formation  finds  its  nearest  relationship  with  the 
flora  of  the  Denver  beds  of  Colorado. '^ 

**  Knowlton,  F.  H.,  Annotated  list  of  thB  fossil  plants  of  the  Boaeman, 
Mont.,  coal  field,  with  table  of  distribution  and  deecription  of  new 
species:  U.  S.  Oeol.  Survey  Bull.  105,  pp.  43-66,  pis.  5, 6, 1803. 

"*  Knowlton,  F.  H.,  The  fossil  flora  of  the  Boteman  coal  field:  Wash. 
ington  Biol.  Soc.,  vol.  7,  pp.  153, 154, 1892. 
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In  1894,  in  the  Livingston  folio,  Weed" 
described  and  mapped  the  several  formations 
under  discussion  with  the  signification  and 
limits  given  to  them  in  the  bulletin  above 
cited.  In  1896  the  Three  Forks  quadrangle, 
which  adjoins  the  Livingston  quadrangle  on 
the  west,  was  described  in  a  folio  by  A.  C. 
Peale."  He  accepted  the  Dakota,  Colorado, 
Montana,  Laramie,  and  Livingston  formations 
as  defined  by  Weed  and  wrote  of  the  Laramie 
is  follows : 

The  formation  consists  essentially  of  light-gray  or 
whitish  sandstones,  wi^h  interlaminated  argillaceous  beds, 
some  of  which  are  locally  much  indurated .  The  two  areas 
in  which  the  strata  are  best  exposed  are  in  the  Nixon 
basin,  north  of  the  Gallatin  Valley,  and  in  the  Gallatin 
basin,  lying  between  the  Gallatin  and  Madison  ranges. 
The  total  thickness  of  the  formation  is  from  800  to  1,000 
feet.  In  the  Nixon  basin  Unioe  and  other  fresh-water 
shells  are  found  in  connection  with  the  coal. 

Concerning  the  Livingston  formation  he 
s^id: 

The  Livingston  formation  occupies  at  the  present  time 
comparatively  little  area  witbin  the  limits  of  the  Three 
Forks  sheet,  and  nowhere  is  it  likely  that  the  entite 
thickness  of  the  formation  is  shown.  The  largest  area  is 
probably  that  in  the  vicinity  of  the  Sphinx  Mountain, 
where  the  Sphinx  conglomerate  rests  unconformably  upon 
it .  This  area  is  about  1 5  to  20  square  miles  in  extent,  and 
the  deposits  are  made  up  of  a  mass  of  volcanic  materials 
indistinctly  bedded,  mostly  andesitic  in  nature,  and  of  a 
somber  hue.  At  one  or  two  places  conglomerates  made  up 
of  all  sorts  of  volcanic  pebbles  are  seen  near  the  base. 
This  generally  black  mass  rests  unconformably  upon  the 
eroded  surfaces  of  the  previously  deposited  Cretaceous 
formations,  contrasting  strongly  in  color  with  the  I^aramie 
sandstones  and  the  Dakota  conglomerates,  with  both  of 
which  it  is  in  contact  at  different  points. 

The  unconformable  relation  near  Sphinx 
Mountain  described  by  Peale,  which  was 
known  to  Weed,  was  one  of  the  factors  upon 
which  Weed  based  his  contention  of  an  un- 
conformity between  so-called  Laramie  and 
Livingston.      " 

Weed  *^  published  in  1896  a  short  paper 
which  was  devoted  mainly  to  the  Fort  Union, 
with  ojily  incidental  mention  of  the  Laramie 
and  Livingston  formations.  The  immense 
section  of  strata  forming  the  eastern  foot 
slopes  of  the  Crazy  Mountains  on  Lebo  Creek, 
Mont.,  was  divided  as  follows:  Laramie,  1,080 
feet;  Livingston,  7,136  feet;  Fort  Union,  4,649 
feet. 


«  Weed,  W.  H.,  U.  S.  GeM.  Survey  Oeol.  Atlas,  Livingston  folio 
(No.  1),  1894. 
*  U.  8.  Geol.  Survey  Geol.  Atlas,  Three  Forks  folio  (No.  27),  1806. 
•»  Weed,  W.  H.,  Am.  Geologist,  vol.  18,  pp.  201-211,  1896. 


The  Little  Belt  Mountains  quadrangle,  im- 
mediately north  of  the  Livingston  quadrangle, 
was  described  by  Weed**  in  1899.  The  Da- 
kota, Colorado,  and  Montana  were  grouped 
together  in  the  Yellowstone  formation,  which 
was  said  to  be  followed  conformably  by  the 
Laramie  formation.  The  Laramie  was  de- 
scribed in  much  the  same  terms  and  assigned 
the  same  thickness  as  in  the  Livingston  and 
Three  Forks  folios.  The  Livingston,  believed 
to  rest  unconformably  on  the  Laramie,  was 
described  at  considerable  length  and  was  given 
a  maximtmi  thickness  of  7,000  feet.  In  the 
text  of  the  folio  the  Livingston  was  placed 
under  the  heading  **  Rocks  of  the  Cretaceous 
period,''  and  in  the  generalized  section  of  the 
sedimentary  rocks  x)f  the  Crazy  Mountains  it 
was  given  as  ''Cretaceous?"  Although  in- 
cluded with  the  Livingston  formation  in  map- 
ping, the  upper  4,000  feet  of  beds  were  in  the 
columnar  sections  differentiated  as  the  Fort 
Union. 

The  next  paper  in  chronologic  order  is  one 
by  Earl  Douglass,**  published  in  1902,  entitled 
''A  Cretaceous  and  lower  Tertiary  section  in 
south-central  Montana,"  in  which  the  inter- 
pretation was  radically  diflferent  from  that 
given  by  Weed.  The  area  covered  by  this 
paper  lies  east  of  the  Crazy  Mountains  and 
south  of  the  Big  Snowy  Mountains,  in  the  basin 
of  Musselshell  River.  The  section,  according 
to  Douglass,  comprises  the  following  units: 

Tertiary Fort   Union . 

Laramie. 

Fox  Hills. 

Pierre. 

Fish  Creek  beds. 

Niobrara. 

Benton. 

The  Livingston  formation  was  not  recog- 
nized in  this  section,  although  the  locality  is 
only  a  few  miles  from  the  Lebo  Creek  section 
recorded  by  Weed,  in  which  it  was  given  a 
thickness  of  over  7,000  feet.  Douglass  appar- 
ently included  the  Livingston  in  whole  or  in 
major  part  within  the  so-called  Laramie,  con- 
cerning which  he  wrote  as  follows: 

What  is  supposed  to  be  Laramie  in  the  present  section 
is  very  thick,  probably  approximately  that  of  Lindgren's 
measurements  [7,000  feet].  But  here,  as  everywhere 
else,  the  boundaries  of  the  Laramie  are  uncertain.    Here, 


Cretaceous. 


M  Weed,  W.  H.,  U.  S.  Geol.  Survey  Oeol.  Atlas,  Little  Belt  Moun 
tftlns  foUo  (No.  56),  1809. 
w  Am.  Phllos.  Soc.  Proc.,  vol.  41,  pp.  207-224, 1902. 
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however,  we  have  it  confined  between  certain  limits.  We 
have  it  above  a  characteristic  Fort  Pierre  fauna  and  below 
a  characteristic  Fort  Union  flora.  Just  how  much  of  that 
which  intervenes  is  Laramie  is  not  known. 

On  another  page  he  added : 

We  found  here  no  traces  of  the  volcanic  mate.ial  of  the 
Livingston  formation,  whicli  only  30  or  40  miles  to  the 
eouthwest  is  so  well  developfdd. 

Part  of  the  same  area  was  examined  in  1903 
by  Stanton  and  Hatcher,**  whose  report  was 
published  in  1905.  They  were,  however,  more 
concerned  in  the  elucidation  of  the  Montana 
group,  the  classification  of  which,  as  will  be 
subsequently  shown,  has  played  an  important 
part  in  the  Laramie-Livingston  controversy, 
and  they  made  only  incidental  mention  of  the 
higher  beds.     Concerning  these  they  said : 

South  and  west  of  F^h  Creek  th^e  shales  [Bearpaw] 
are  overlain  by  marine  Cretaceous  sandstones  and  by  a 
thick  aeries  of  beds  that  have  been  referred  to  the  Laramie, 
Livinj^toUji  and  Fort  Union  formations. 

The  generalized  section  for  central  and  north- 
ern Montana  as  worked  out  by  Stanton  and 
Hatcher  is  as  follows : 


Montana  group. 


Colorado  group. 


Laramie  (?). 


Fox  Hills  (?), 


Bearpaw. 
Judith  River. 
Claffiett. 
Eagle. 


Benton. 


Dakota  (?). 


In  1906  R.  W.  Stone '^  studied  the  strati- 
graphy and  coal  resources  of  an  area  of  ap- 
proximately 1,000  square  miles  in  central 
Montana,  extending  from  Shawmut  westward 
to  thic  head  of  Musselshell  River  and  southward 
in  the  Shields  River  valley  to  the  town  of  Clyde 
Park.  A  large  part  of  this  belt  is  included  in 
the  area  covered  by  the  Little  ^elt  Mountains 
folio,  already  mentioned,  but  whereas  Weed 
recognized  only  four  fonnational  units  in  the 
Cretaceous  system,  Stone  was  able  to  difFercn- 


Cretaceous. 


«•  Stanton,  T.  W.,  and  Hatcher,  J.  B.,  Geology  and  paleontology  of  the 
Judith  River  beds:  U.  S.  Geol.  Survey  Bull.  257,  p.  50, 1905. 

w  Coal  near  the  Craay  Mountains,  Mont.:  U.  S.  Geol.  Survey  BuU. 
341,  pp.  7S-91,  1909. 


tiate  and  map  seven  such  units.    These  were 
set  forth  by  Stone  as  follows: 

Tertiary /  ^^^^t  Union  formation. 

I  Livingston  formation. 
Laramie  formation. 
Montana  group: 

Bearpaw  shale. 

Judith  River  formation. 

Claggett  formation. 

Eagle  sandstone. 
Colorado  shale. 
Kootenai  formation. 

The  rocks  referred  to  the  Laramie  were 
divided  roughly  into  two  parts.  The  lower 
division,  resting  on  the  Bearpaw  shale  and 
ranging  in  thickness  from  200  to  460  feet,  was 
said  to  be  composed  of  red  and  greenish  sand- 
stones. ''Its  age  has  not  been  determined, 
but  lithologically  it  belongs  to  the  overlying 
formation  and  hence  it  will  be  provisionally 
regarded  as  a  part  of  the  Laramie.*'  Concern- 
ing the  upper  portion,  Stone  said: 

Taken  as  a  whole,  the  upper  part  of  the  Laramie  forma- 
tion is  distinguished  from  the  formations  above  and  below 
by  its  light-gray  color  in  comparison  with  their  somber 
hues.  It  is  composed  largely  of  soft  gray  sandstone  and 
variegated  shale.  The  gray  beds,  from  1,000  to  2,400  feet 
thick,  make  a  conspicuous  valley.  *  ♦  ♦  The  gray 
beds  of  the  Laramie  formation  are  overlain,  possibly  with 
unconformity,  by  somber-colored  sandstone  and  shale 
which  may  represent  the  Li\'ingston  formation.  Suffi- 
cient paleontologic  evidence  has  not  been  obtained,  how- 
ever, to  determine  the  limits  of  these  stratigiaphic  units. 
A  section  measured  by  C.  A.  Fisher  and  T.  W.  Stanton 
on  a  fork  of  Big  Elk  (-reek  gives  a  thickness  of  5,592  feet 
from  the  base  of  the  Laramie  to  the  base  of  the  sandstone 
and  grit  probably  of  Fort  Union  age,  and  of  10,324  feet  for 
the  beds  above  the  Bearpaw  shale. 

Douglass  *®  revisited  the  Fish  Creek  area  in 
1909  and  published  additional  notes  on  the 
geology,  revising  his  previous  views  to  some 
extent.  lie  accepted  the  classification  of  the 
Upper  Cretaceous  by  Stanton  and  Hatcher  but 
was  still  more  or  less  confused  concerning  the 
Fox  Hills  and  the  limits  and  extent  of  the  so- 
called  Laramie. 

In  1909  also  I  published  a  note "'  on  the 
geologic  section  of  the  Fish  Creek  area,  giving 
it  the  following  interpretation: 

Above  the  Boirpaw  is  a  series  of  shaly  sandstones,  at 
least  several  hundred  feet  in  thickness,  that  unmistakably 

*  Douglass,  Earl,  .\  ppological  roconnaissaurft  in  North  Dakota, 
Montana,  and  Idaho,  with  notes  on  Mcsosoic  and  Cenozoic  geology: 
Carnegie  Miis.  Annals,  vol.  f),  pp.  272-2M0,  1909. 

»  Knowlton,  F.  H.,  The  stratigraphic  relations  and  paleontology  of 
the  "Hell  Creek  beds,"  "  Oratops  beds,"  and  equivalents  and  their 
reference  to  the  Fort  Union  formation:  Washington  Acad.  Sci.  Proc., 
vol.  11,  pp.  192-194,  1909. 
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belong  to  the  Livingston,  as  plants  identical  with  those 
found  near  the  base  of  this  formation  southeast  of  Bozeman, 
Mont. I  have  now  been  located,  and  moreover  the  matrix 
is  characteristically  that  of  the  Livingston.  Between 
this  point  and  the  base  of  the  upp^r  member  of  the  Fort 
Union  formation,  according  to  Stanton,  is  a  thickness  of 
3,000  to  5,000  feet  of  beds,  a  portion  of  the  lower  part  of 
which  belongs  with  little  doubt  to  the  Livingston,  but 
the  top  of  the  Livingp^on  has  not  been  definitely  placed, 
though  its  maximimi  thickness  appjirejitly  exceeds  2,000 
feet.  The  dinosaurs  occur  in  this  thick  series  of  beds 
above  the  Livingston,  and  the  beds  are  probably  referable 
to  the  lower  member  of  the  Fort  Union,  though  no  plants 
have  been  found  until  within  approximately  1,000  feet  of 
the  top. 

Later  in  the  same  year  (1909)  T.  W.  Stanton  "^ 
published  still  another  interpretation  of  the 
Fish  Creek  section.  After  discussing  briefly 
the  units  of  the  Montana  group  and  their 
thicknesses  as  worked  out  by  Stone,  he 
continued : 

Another  important  fact  brought  out  by  Stone's  work 
is  that  the  "Laramie''  of  Weed's  mapping  east  and  north 
of  the  Crazy  Mountains  in  the  Little  Belt  Mountains  folio 
is  really  Eagle  sandstone,  and  the  "Livingston"  of  the 
same  area  includes  in  its  lower  part  the  Claggett,  Judith 
River,  and  Bearpaw  formations.  The  Livingston  forma- 
tion was  described  as  resting  unconformably  on  the 
Laramie  and  older  rocks  and  as  composed  largely  of 
andesitic  material,  both  of  which  features  played  a  promi- 
nent part  in  correlating  the  Li\'ing3ton  with  the  Denver 
formation.  It  became  necessary,  therefore,  to  study  the 
hthologic  character  of  the  \'urious  formations  of  the 
Montana  group  in  this  area.  *  ♦  *  The  specimens 
from  the  Eagle  and  a  few  of  those  from  the  Claggett  and 
Judith  River  proved  to  be  sandstone  without  admixture 
of  igneous  material,  but  many  others  from  both  Claggett 
and  Judith  River  and  some  from  the  Bearpaw  are  identi- 
fied as  tufTaceous  rock  and  contain  much  andesite. 

After  discussing  a  number  of  collections  of 
invertebrates  from  beds  originally  supposed  to 
be  Laramie  but  here  shown  to  be  from  the 
Claggett,  Stanton  said: 

With  the  facts  above  recited  in  mind,  the  whole  ques- 
tion of  the  age  and  relations  of  the  Livingston  formation 
is  reopened.  *  ♦  *  Whatever  may  be  true  of  the 
Livingston  in  the  type  area  near  the  town  of  that  name, 
the  rocks  assigned  to  it  by  Weed  east  of  the  Crazy  Moun- 
tains, notably  in  the  Lebo  Creek  section,  certainly  belong 
to  several  distinct  formations  ranging  in  age  from  well 
down  in  the  Cretaceous  to  the  lower  Eocene. 

The  thick  series  of  beds  referred  provisionally 
to  the  Laramie  by  wStone  and  including  in  part 
at  least  the  Fox  Hills  ?  and  Laramie  of  Douglass 
were  next  considered.     The  paleontologic  evi- 


••The  age  and  stratigraphic  relations  of  the  '*  Ceratops  beds"  of 
Wyoming  and  Montana:  Washington  Acad.  Sci,  Proc.,  vol.  11,  pp. 
2&5-2S5, 1909. 


dence  included  dinosaurs  (Triceratops  and 
others),  fresh- water  invertebrates,  which  '* in- 
dicate close  relationship  with  the  fauna  of  the 
Ceratops  beds  of  Hell  Creek  and  Converse 
County,"  mammals^  and  plants. 

From  what  has  preceded  it  is  of  course 
evident  that  the  previously  accepted  status  of 
the  Laramie  and  Livingston  formations  in  the 
region  under  discussion  had  been  brought 
seriously  in  question.  The  newer  data  bear- 
ing on  the  problems  involved  were  presented 
in  an  important  paper  by  Stone  and  Calvert  •* 
under  the  title  "Stratigraphic  relations  of  the 
Livingston  formation  of  Montana/'  in  which 
the  following  was  given  as  the  thesis:  \ 

It  is  the  purpose  of  this  paper  to  show  (I)  that  the  coal- 
bearing  formation  of  the  Livingston  section  is  not  Laramie 
but  is  Eagle  or  at  least  lower  Montana  in  age;  (2)  that  the 
andesitic  beds  above,  known  as  the  Livingston  formation, 
are  not  separated  from  the  underlying  formation  by  an 
unconformity  anywhere  within  the  area  discussed;  and 
(3)  that  their  peculiar  lithologic  character  is  not  a  criterion 
of  specific  age  but  is  a  shore  phase  of  many  formations 
ranging  from  Colorado  to  Fort  Union,  inclusive. 

Some  of  the  main  points  advanced  in  this 
paper  may  be  briefly  enumerated.  First,  in 
regard  to  the  Laramie  as  identified  by  Weed, 
Peale,  and  others,  Calvert,  in  studying  the  area 
between  Red  Lodge  and  Livingston,  observed 
an  especially  well  exposed  Mesozoic  section  on 
Boulder  River  in  T.  2  S.,  R.  13  E.,  where  he 
found  invertebrates  that  were  pronounced  by 
Stanton  to  be  of  Colorado  age  at  a  horizon  300 
feet  below  the  lowest  coal.  Several  similar 
collections  were  obtained  on  Trail  Creek,  near 
Electric,  and  elsewhere,  from  a  horizon  **very 
near  the  top  of  beds  previously  considered 
Montana,^*  all  being  considered  as  Colorado. 
As  this  determination  does  not  leave  room  for 
the  thick  Montana  section  between  the  Color- 
ado and  the  '^  Laramie  ^^  coal  measures,  and 
moreover,  as  no  time  interval  has  been  noted 
between  them,  the  conclusion  follows,  accord- 
ing to  Calvert,  that  the  coal  measures  must  be 
well  down  in  the  Montana.  '*At  Livingston 
the  section  shows  about  800  feet  of  coal 
measures,  underlain  by  about  3,700  feet  of 
Colorado  shale,  as  measured  below  Yellow- 
stone Canyon/'  This  thickness  of  3,700  feet 
accounts  for  the  thickness  assigned  by  Weed 
to  both  Colorado  and  Montana. 


»»  stone,  R.  W.,  and  Calvert,  W.  R.,  Econ.  Geology,  vol.  6,  pp,  551- 
557,  652-669,  741-764,  1910. 
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On  the  east  side  of  the  Craz}-  Mountains 
Stone,  starting  with  the  Upper  Cretaceous 
section  as  established  on  Fish  Creek  by  Stanton 
and  Hatcher,  held  that  he  was  able  to  trace  the 
heavy  whitish  Eagle  sandstone  around  the 
north  end  of  the  mountains  and  thence  along 
the  eastern  base  of  the  Bridger  Range  to  a 
point  above  Clyde  Park,  which  was  sub- 
sequently connected  by  Calvert,  except  for  a 
number  of  covered  areas  believed  bj-  him  to 
be  unimportant,  with  the  coal  measures  near 
Livingston.  The  other  units  of  the  Montana 
group  (Claggett,  Judith  River,  and  Bearpaw) 
were  differentiated  with  more  or  less  certainty 
to  the  vicinity  of  Lennep,  just  east  of  the 
Crazy  Mountains,  but  they  disappear  at  the 
north  end  of  the  mountains  and  southward 
along  the  Bridger  Range,  the  southernmost 
point  at  which  either  has  been  identified  being 
about  10  miles  north  of  Myersburg,  or  40  miles 
north  of  Livingston,  where  the  upper  part  of 
the  Bearpaw  was  seen.  It  was  argued  by 
Stone  and  Calvert  that  south  of  Myersburg  the 
Montana  section  interdigitates  with  and  loses 
its  identity  in  the  thick  Livingston  beds  near 
the  type  locality.  Their  conclusion  was  as 
follows: 

A  great  thicknesB  of  sedimentary  deposits  occuiring  at 
Livingston,  Mont.,  composed  largely  of  tuffaceous  mate> 
rial,  has  been  called  the  Li>ingston  formation.  It  is  de- 
scribed as  l^ing  unconlormably  on  coal-beaiing  sandstone 
of  Laramie  age. 

The  evidence,  both  from  stratigrai^y  and  in\ertebrate 
paleontology,  submitted  in  these  pages  shows  that  the  coal- 
bearing  sandstone  is  Eagle  or  at  least  lower  Montana  in  age. 
It  is  admitted  by  paleobotanists  that  the  flora  of  the  upper 


part  of  the  coal-bearing  beds  is  similar  to  the  Livingston 
flora,  the  greater  part  of  which  comes  from  within  000  feet 
above  the  coal-bearing  sandstone.  The  coal-bearing  beds 
are  transitional  into  the  tuffaceous  beds  above.  Therefore, 
the  evidence  of  both  stratigraphy  and  paleobotany  indi- 
cates that  the  Livingston  beds  are  conformable  on  the 
underlying  coal-bearing  beds. 

The  Livingston  formation  was  cniginally  described  as  a 
lithologic  unit  of  tuffaceous  material  derived  from  volcanic 
activity,  the  material  of  which  the  beds  are  composed  and 
not  the  fossils  determining  the  extent  of  the  formation. 
Beds  of  this  character  are  most  abundant  in  the  Livingston 
region,  but  they  have  been  traced  north  and  east  around 
the  Crazy  Mountains,  where  beds  of  similar  lithokgy  are 
found  in  all  the  formations  from  Colorado  to  Fort  Union 
and  where  they  feather  out  into  and  merge  with  fresh  and 
brackish  water  and  marine  deposits. 

Stratigraphic  relations,  marine  invertebrates,  and  fossil 
plants  prove  the  Montana  age  of  the  lower  part  of  the  tu£Ea- 
ceous  beds  on  the  west  side  of  the  Crazy  Mountains  origi- 
nally mapped  by  Weed  as  Livingston.  Northeast  of  the 
mountains  some  of  the  tuffaceous  beds  are  younger  than 
Bearpaw  and  older  than  Lance,  while  the  youngest  of  the 
andesitic  deposits  are  Fort  Union.  From  this  evidence  it 
is  concluded  that  the  lithologic  unit  of  tuffaceous  deposits 
originally  described  as  the  Li^'ingBton  formation  has  no 
definite  age  and  no  formational  value  except  in  the  imme- 
diate vicinity  of  the  tj-pe  locality. 

I  dissent  from  the  above  conclusions  and 
still  hold  that  the  Livingston,  at  least  in  the 
type  area,  is  of  post-Montana  age. 

In  1912  Calvert  •*  published  two  short  re- 
ports on  the  southern  portion  of  the  area  in- 
cluding the  Livingston,  Trail  Creek,  and  Elec- 
tric coal  fields.  His  conclusions  are  sufficiently 
set  forth  in  the  following  generalized  section: 

«  C«lvert,  W.  R.,  Th«  UvingsUm  and  TrmU  Craek  ooiJ  fields.  Park, 
GaUatin,  and  Sweetgrass  counties,  Mont.:  U.  S.  Geol.  Survey  Bull.  471, 
pp.  %y4-406,  1012;  The  Electric  coal  field,  Park  County,  Mont.:  Idem, 
pp.  406  422. 


Geologic  formations  in  the  Livingeton  district. 


Pre\'iouB  interpretation. 


Present  interpretation. 


Eocene. 


Poet-Laramie. 


Upper  Cretaceous. 


Livingston,  7,000  feet. 

Unconformity 

Laramie,  1,000±  feet. 

Montana,  1,800  feet. 

Colorado,  1,800  feet. 


I    Upper 
ICretaceona 


Li\'ing8ton  formation,  5,000+  feet. 

Montana.    Conformable 

Undifferentiated  Montana,  750+  feet. 


■     -w 


Colorado  shale.  3,700  feet. 


Dakota,  500  feet. 


Lower  Cretaceous.       Kootenai  formation,  500  feet. 
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UINTA  Ain>  aBXBK  BXTXK  BASINS. 

The  Uinta  and  Green  River  basins  are  broad 
structural  basins  or  depressions  of  rock  strata 
in  northwestern  Colorado,  southern  Wyoming, 
and  the  adjacent  part  of  Utah.  The  Uinta 
Basin,  which  Ues  south  of  the  Uinta  Mountains, 
extends  on  the  east  to  the  foothills  of  the 
Rocky  Mountains  and  on  the  west  to  the 
Wasatch  Mountains  in  Utah  and  is  terminated 
on  the  south  by  the  La  Sal  Mountains  and  the 
San  Rafael  Swell.  It  is  separated  from  the 
Green  River  Basin  by  the  anticlinal  axis  of  the 
Uinta  Mountains,  which  reaches  eastward 
through  Axial  Basin,  Colo.,  to  the  White  River 
Plateau  and  the  western  spurs  of  the  Rocky 
Mountains. 

The  Green  River  Basin  was  defined  by 
Emmons  **  as  follows : 

The  Green  River  Basin  proper  ie  a  rudely  triangular 
area  embraced  between  the  systems  of  elevation  of  the 
Rodcy  MountftioB  on  the  east  and  the  Wasatch  Range  on 
the  weat  and  extending  from  the  sources  of  the  Green 
River,  in  the  Wind  River  Mountains,  on  the  north,  to  the 
base  of  the  Uinta  Range,  on  the  south.  •  *  •  From 
the  wesl«m  flanks  of  the  Park  Range  to  the  outlying 
ndgefl  of  the  Wasatch,  a  distance  of  about  ISO  miles,  (it] 
extends  a  practically  deeert  region. 

The  area  as  thus  defined  may  he  considered 
as  the  broader  conception  of  the  Green  River 
Basin.  It  is  capable  of  division  into  a  number 
of  more  or  less  well-defined  subordinate  basins, 
such  as  the  Red  Desert  Basin,  the  Great  Divide 
Basin,  and  the  Green  River  Basin  proper. 

H.  S.  Gale**  in  writing  of  these  basins  said: 

These  two  basins  outline  the  dominant  geologic  struc- 
ture 3f  nearly  the  whole  of  northweetem  Colorado,  They 
are  in  the  fonn  of  broad  synclinal  folds  or  troughs,  nar- 
rowing to  an  apex  toward  the  southeast.  Within  this 
Slate  their  longer  axes  are  approximately  pirallel,  ex- 
tending from  southeast  to  northwest.  The  coal-bearing 
rocks  outcrop  in  practically  continuous  rims  around  the 
borders  of  the  basins  where  they  have  not  been  buried  by 
later  formations,  and  the  strata  dip  toward  the  interior  of 
the  basins. 

These  basins  have  been  the  scene  of  pro- 
loi^;ed  geologic  research,  especially  in  view  of 
the  bearing  they  have  or  have  been  supposed 
to  have  on  the  problems  under  consideration. 
The  several  fields  will  be  taken  up  in  sequence, 
so  far  as  possible. 

h  Pk.  Repl.,  Tol.  2.  p.  m,  IS77. 
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The  Book  Cliffs  coal  field  forma  a  part  of  the 
southern  rim  of  the  Uinta  Basin  and  extends 
from  the  vicinity  of  Mount  Hilgard,  in  central 
Utah,  northward  to  Castlegate  and  thence 
southward  to  Colorado  (formerly  Grand)  River, 
in  Colorado,  beyond  which  it  forms  the  south- 
em  face  of  Grand  Mesa.  The  geology  of  the 
Book  Cliffs  was  first  studied  by  A.  C.  Peale,*'  of 
the  Hayden  Survey,  who  in  1876  examined 
the  eastern  part  of  the  field.  In  his  report  the 
rocks  now  referred  to  the  Mesaverde  were 
separated  into  "Fox  Hills"  and  "Laramie," 
though  it  was  rec<^nized  that  there  is  no 
lithologic  break  between  the  two,  and  this 
nomenclature  was  an  attempt  to  confonn  to 
the  subdivisions  used  in  other  fields. 

Thewestem  part  of  the  field  was  embraced  in  a 
map  of  the  Uinta  Basin  by  George  H.Eldridge** 
published  in  1901  in  his  report  on  asphalt  and 
bituminous-rock  deposits.  On  this  map, 
which  is  of  small  scale,  the  Book  Cliffs  are 
simply  denominated  Cretaceous,  but  in  the 
description  of  the  formations  in  the  Uinta 
Basin*'  the  uppermost  member  of  the  Creta- 
ceous, which  contains  the  workable  coals  of 
the  region,  is  referred  to  the  Laramie. 

The  above-mentioned  reports  have,  until 
recently,  been  practically  the  only  source  of 
information  concerning  the  geology  of  this 
region,  though  several  short  papers  dealing 
with  the  coal  deposits  were  published  by  Hills, 
Storrs,  Lakes,  and  others. 

In  1905  Joseph  A.  Taff"  made  a  careful 
study  of  the  western  part  of  the  Book  Cliffs 
field  from  the  vicinity  of  Sunnyside  to  Castle- 
gate, Utah,  and  its  southern  continuation 
along  the  escarpment  of  the  Wasatch  Plateau. 
In  his  report  comparatively  small  space  was 
devoted  to  the  geology,  which  he  summed  up 
as  follows : 

The  rocks  are  naturally  arranged  in  thick  groups  of 
strata.     In  each  group  either  sandstone  or  shale  greatly 


HOMlDglcalrcpcrlon  tlienrBndRiTerdlitrlct^  U.  S.  Oeol.  (nd  Ovog. 
SurveyTerr.  TenUi  Arn.R»pl.,  forlSTB,  pp.  170-181,1878. 

H  The  ksphalt  and  biluminous-mk  deposlIaoT  (he  United  SMtei: 
U.  S.  Oeol.flurvpyTwpTiIy  SKrond  Ann.Rfpl.,pl.  l.p.  332, 1«0I. 

"  Idem,  p.  334. 

••  Book  ClUIscosl  Beld.  Utah,  «rut  oT  Oreen  River;  U.  3.  Oeol.  Survey 
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predominates.  They  contain  scant  fossil  remains,  and 
sufficient  information  re:»arding  their  age  has  not  been 
obtained  to  correlate  them  with  similar  well-known  beds 
in  other  parts  of  the  country.  The  entire  section  is  with- 
out doubt  Cretaceous,  and  the  principal  coal-bearing 
strata  are  within  the  Laramie  formation. 

The  following  year  (1906)  the  eastern  part  of 
the-  Book  CliflFs  field  was  studied   bv  G.   B. 

ft.' 

Richardson,  and  a  preliminary  report  was 
issued  in  lOO?.**  In  this  report  was  recorded 
a  complete  change  of  front  regarding  the  age 
of  the  coal-bearing  rocks.     Richardson  said: 

Fossils  have  been  found  at  several  horizons  between  200 
feet  from  the  base  and  250  feet  from  the  top  of  the  forma- 
tion. They  consist  of  land  plants  and  fresh-  and  brackish- 
water  invertebrates.  The  evidence  of  the  fossils  and  the 
g:eneral  stratigraphic  and  areal  relations  of  the  beds  together 
indicate  that  the  coal-bearing  formation  should  be  referred 
to  the  Me^averde  rather  than  to  the  I^Aramie.  The  tran- 
sition from  the  Mancos  to  the  Mesaverde  is  marked  litho- 
logically  by  the  increasing  prevalence  of  sand  and  paleon- 
tologically  by  the  change  from  marine  to  brackish-  and 
fresh-water  conditions.  On  lithologic  grounds  all  the  coal 
beds  would  be  classed  with  the  sandstone-shale  formation, 
the  greater  part  of  which  at  least  is  considered  to  be 
Mesaverde. 

Two  years  later  (1909)  Richardson's  full 
report  on  this  field  *  was  published,  and  in  this 
report  the  reasons  for  referring  the  coal-bearing 
rocks  to  the  Mesaverde  were  more  fully  set 
forth : 

There  has  been  much  misapprehension  concerning  the 
age  of  the  coal-bearing  rocks  of  the  Uinta  Basin.  In  the 
Book  Cliffs  field,  as  already  stated,  Peale  mapped  the 
rocks  here  referred  to  the  Mesaverde  as  two  formations 
and  correlated  them  respectively  with  the  "Fox  Hills"  and 
the  "Laramie."  I>ater  writers  have  considered  the 
entire  formation  to  be  Laramie,  because  it  overlies  marine 
(/retaceous  beds  and  in  turn  is  overlain  by  Wasatch  strata, 
and  the  fauna  and  flora  were  believed  to  belong  to  the 
I^uramie. 

The  reason  for  assigning  the  coal-bearing  formation  of 
the  Book  Cliffs  to  the  Mesaverde  is  explained  in  the  follow- 
ing extract  from  a  letter  of  T.  W.  Stanton  to  the  writer; 

"In  northwestern  Colorado,  southern  Wyoming,  and 
elsewhere  many  of  the  coal-bearing  rocks  previously 
called  Laramie  are  really  older  and  are  overlain  by  marine 
Cretaceous  formations,  thus  corresponding  with  the 
Mesaverde  formation  first  described  in  southwestern 
Colorado.  *  *  *  The  invertebrate  fossils  that  have 
been  collected  from  the  coal-bearing  rocks  of  the  Book 
Cliffs  all  occur  in  the  Mesaverde  of  northwestern  Colorado, 
and  Dr.  Knowlton  finds  that  this  is  essentially  tnie  of  the 
plants  also.     It  is  admitted  that  most  of  the  fossils  in 

w  Richardson,  G.  B.,  The  Book  (-liffs  coal  field,  between  Grand  River, 
Colo.,  and  Sunnyside,  Utah:  U.  S.  Geol.  Survey  Bull.  316,  pp.  »r2-320, 
1907. 

»  Richardson,  G.  B,,  Rocannaissance  of  the  Book  Cliffs  coal  field  be- 
tween Grand  River,  Colo.,  and  Sunnyside,  Utah:  U.  S.  Geol.  Sur\*ey  ' 
Bull.  371,  1909.  I 


(juestion  from  the  Book  Cliffs  would  not  seem  out  of  place 
in  the  Laramie,  yet  their  close  agreement  with  those 
known  to  occur  in  the  Mesaverde  of  a  neighboring  area 
and  the  general  stratigraphic  and  areal  relations  of  the 
rocks  in  which  they  are  found  make  this  reference  to  the 
Mesaverde  most  reasonable.  The  unconformable  relations 
that  doubtless  exist  between  these  rocks  and  the  overlying 
Wasatch  will  explain  the  absence  of  the  later  Oetaceous 
rocks  from  the  area. '' 

GRAND  MESA  AKD  WEST  ELK  MOITHTAnrS,  COLORADO. 

The  Grand  Mesa  and  West  Elk  Mountains 
include  a  \  ery  considerable  area  on  the  south- 
em  rim  of  the  Uinta  Basin,  lying  partly  in 
west-central  Colorado  and  partly  in  eastern 
Utah.  The  Grand  Mesa  field  extends  west- 
ward into  the  Book  Cliffs  field  and  eastward 
into  the  Anthracite-Crested  Butte  region  and 
thence  westward  along  the  Grand  Hogback, 
which  in  turn  connects  in  part  with  the  field  in 
Carbon  County,  Wyo. 

The  eastern  portion  of  this  field  was  studied 
in  1874  by  A.  C  Peale,'  of  the  Hayden  Survey, 
before  the  Laramie  had  been  established. 
Poale  gave  many  sections  of  the  roclvs^  espec- 
ially along  Grand  and  Gunnison  rivers,  and 
stated  that  in  some  places  he  had  diflSculty  in 
distinguishing  between  Cretaceous  Nos.  4  and 
5,  or  between  Pierre  and  Fox  Hills.     He  said: 

The  upper  portion  of  these  beds  may  possibly  have  to 
be  referred  to  the  Ligni tic  group,  but  for  the  present  I 
refer  them  to  the  Upper  Cretaceous. 

On  the  publication  of  the  Geological  Atlas 
of  the  Hayden  Survey,  in  18S1,  the  coal-bearing 
rocks  of  this  region  were  referred  to  the  Lara- 
mie, which  had  then  become  very  generally 
accepted,  and  this  reference  w^as  followed  in  the 
main  by  geologists  who  had  occasion  to  discuss 
the  area.  Thus  in  1894  George  H.  Eldridge, 
in  the  Anthracite-Crested  Butte  folio,  gave  a 
section  which,  at  least  from  the  base  of  the  Fox 
Hills,  corresponds  in  part  with  that  of  the 
Hayden  Survey  Atlas.  The  coal-bearing  beds 
were  referred  to  as  the  *'  Laramie  coal  measures  ** 
and  were  said  to  have  a  maximum  thickness 
of  2,000  feet;  they  were  described  as  being 
overlain  unconformably  by  the  Tertiary  Ohio 
formation. 

]n  1907  W.  T.  Lee^  investigated  the  Grand 
Mesa  coal  field  and  obtained  information  which 


«  U.  S.  (fool.  and  (Jeog.  Survpy  Terr.  Ann.  Rppt.  for  1.S74,  pp.  73-179, 
187f.. 

»  I'.  .^.  (ieol.  Survey  Geol.  Atlas,  Folio  9,  1894. 

«  Leo,  W.  T..  The  Grand  Mesa  coal  field,  Colo.:  I'.  S.  Geol.  Survey 
Bull.  341,  p.  306,  1909. 
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made  it  necessary  to  modify  greatly  the  deter- 
mination of  the  age  relations  of  the  principal 
coal-bearing  portion  of  the  section,  until  then 
accepted  as  Laramie.  It  was  referred  to  the 
Mesaverde  formation  and  was  described  by  Lee 
as  follows: 

The  lower  part  of  it  [Mesaverde]  was  called  "Fox  Hills" 
and  the  upper  part  '* Laramie*'  by  the  geologists  of  the 
Hayden  Survey,  and  other  geologists  have  followed  them 
in  referring  the  coal  to  the  Laramie.  However,  a  study  of 
the  fossils,  in  connection  with  the  stratigraphy  of  western 
Colorado,  proves  that  it  is  much  older  than  the  Laramie, 
and  the  entire  se:ies  of  coal- bearing  rocks  in  thb  field  is 
now  referred  to  the  Mesaverde  formation,  originally  named 
by  Holmes  in  southwestern  Colorado.  Where  the  full 
section  is  exposed  the  Mesaverde  is  separated  from  the 
Laramie  by  a  matine  formation  known  as  the  Lewis  shale, 
but  in  the  Grand  Mesa  field  there-is  no  representative  of  the 
Lewis  or  Laramie  beds.  The  sedimentary  rocks  of  Ter- 
tiary age  rest  unconformably  upon  the  Mesaverde. 

Lee  ^  continued  and  extended  the  work  in  this 
field  in  1909.  On  further  and  more  critical 
study  it  was  found  possible  to  separate  the 
Mesaverde  into  several  members,  as  follows: 
The  Rollins  sandstone  member,  at  the  base,  is  a 
white  clifF-making  sandstone  containing  fucoids 
and  marine  invertebrates.  Above  this  is  the 
Bowie  shale  member,  with  a  maximum  thick- 
ness of  about  425  feet,  composed  of  dark- 
colored  shale  and  gray  sandstone.  It  con- 
tains marine  and  brackish-water  invertebrates 
and  important  coal  deposits;  it  is  not  present 
in  all  parts  of  the  field.  Unconformably  above 
this  is  the  Paonia  shale  member,  400  feet  thick, 
made  up  of  sandstone  and  shale,  in  places 
carbonaceous,  with  plant  remains,  mainly 
fresh-water  invertebrates  and  coal  deposits. 
Above  the  Paonia  is  what  is  called  the  undif- 
ferentiated part  of  the  Mesaverde,  a  series  of 
gray  quartzose  sandstones  and  shales  some 
2,000  feet  thick,  containing  plants  and  fresh- 
water invertebrates. 

The  Paonia  shale  member  and  the  overlying 
undifferentiated  Mesaverde  constitute  the  beds 
which  had  previously  been  called  Laramie  and 
which,  according  to  Lee,  ''may  prove  to  be 
Laramie  or  younger.''  The  age  significance 
of  the  invertebrates  from  these  beds  was  inter- 
preted by  Stanton  as  follows: 

AlthbXlgh  this  nonmarine  fauna  contains  many  Laramie 
elements,  on  the  whole  it  agrees  better  with  the  fauna  of 
the  Mesaverde  as  we  are  now  beginning  to  know  it,  and  the 
stratigraphic  and  structural  evidence  of  the  entire  region, 

*  Lee,  W.  T.,  Coal  fields  of  Qfhnd  Mesa  and  the  West  Elk  Mountains, 
Colo.:  U.  8.  Geol.  Survey  Bull.  510, 1912.  ' 


including  the  Durango,  Grand  Hdgback,  and  Yampa 
fields,  is  strongly  in  favor  of  referrin^all  the  upper  coal- 
bearing  beds  of  the  Grand  Mesa  field  to' the  Mesaverde. 

The  plants  were  critically  reviewed  by  me 
as  follows: 

In  conclusion  I  feel  justified  in  stating  that  in  my 
opinion  the  beds  containing  the  plants  here  under  dis- 
cussion are  of  post-Montana  age.  The  facts  upon  which 
this  conclusion  is  based  are  (1)  the  apparently  satisfactory 
demonstration  of  an  unconformity  between  the  upper  and 
lower  coal-bearing  rocks,  (2)  the  fact  that  the  poarine 
invertebrates  are  confined  to  the  beds  below  the  uncon- 
formity, (3)  the  fact  that  the  plants  are  confined  to  the 
beds  above  the  unconformity,  (4)  the  marked  difference 
in  the  quality  of  the  coals  in  the  lower  und  upper  beiJs — 
that  is,  below  and  above  the  unconformity,  (6)  the  marked 
resemblance  between  the  plants  of  the  Grand  Mesa  field 
and  those  of  Black  Buttes,  Wyo.,  which  is  only  a  ^rt 
distance  north,  and  (6)  when  the  first  report  was  given, 
comparisons  of  the  plants  were  made  with  areas  then 
tentatively  regarded  as  Montana  but  which  subsequent 
investigation  has  shown  beyond  much  rjueetion  to  be  of 
post-Montana  age. .  r 

From  the  above  exposition  it  appears  that 
the  Upper  coal-bearing  beds  in  the  Grand  Mesa 
region  that  were  formerly  regarded  as  of 
Laramie  age  are  now  tentatively  classed  as 
Mesaverde,  with  the  possibility  that  subsequent 
study  may  prove  that  they  are  Laramie  or 
younger.  In  any  event,  their  reference  to  the 
Laramie  is  not  now  accepted. 

QLENWOOD  SPRINQS  AREA,  OOLOaADO. 

The  Glenwood  Springs  area  is  directly  north 
of  the  Grand  Mesa  area  and  is  in  stratigraphic 
connection  with  it.  It  has  been  studied  by 
A.  L.  Beekly,  of  the  United  States  Geological 
Surve}^,  but  the  report  is  not  yet  published. 
A  brief  description  of  this  field  was  giveh  by 
Gale,"  who  showed  that  it  also  merges  with  the 
Grand  Hogback  field  and  has  the  same  struc- 
tural relations.  The  section  of  coal-bearing 
rocks  is  essentially  the  same  as  that  of  Grand 
Mesa  and  like  it  was  referred  to  the  Mesaverde, 
and  both  Lewis  and  Laramie  were  believed  to 
be  absent.  In  considering  the  paleobotanic 
evidence  for  the  possible  ** Laramie  or  later" 
age  of  the  beds  in  the  Grand  Mesa  area  above 
the  Paonia  shale,  I  wrote  as  follows^  concerning 
similar  evidence  in  the  Glenwood  Springs  field: 

If  the  discussions  and  comparisons  made  above  had 
included  the  adjacent  (Jlenwood  Springs  area,  with  which 


•  Gale,  U.  S.,  Coal  fields  of  northwestern  Colorado  and  northeastern 
Utah:   U.  8.  Geol.  Survey  Bull.  415,  pp.  128-136,  1910. 

7  Knowlton,  F.  U.,  In  Lee,  W.  T.,  Coal  fields  of  Grand  Mesa  and  the 
West  Elk  Mountains,  Colo.:  U.  S.  Geol.  Survey  Bull.  ^10,  p.  47, 1912. 
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there  ia  stratigraphic  conDection,  the  poet-Montana  facies 
would  he  even  more  apparent.  In  the  latter  area  are 
found  8uch  distinctively  post-Montana  forms  as  Zizyphis 
fibrilUmiSf  Oinnamamum  affine,  Populus  meekiif^  Popului 
numodon,  Vxbwmnm  (.ontx)rlum,  etc.,  which  have  not 
heen  noted  in  the  Grand  Mesa  field.  This  hut  emphasizes 
the  fact  that  the  collections  of  plants  are  too  meager  and 
obviously  incomplete  to  enable  us  to  reach  thoroughly 
conclusive  results,  though  when  fuller  collections  are 
obtained,  as  in  the  Glen  wood  Springs  area,  the  resemblance 
to  higher  beds  is  accentuated. 

O&AVD  HOGBACK  AHD  DABFOBTH  KILLS  ABBA, 

COLOBADO. 

The  important  coal  area  'of  the  Grand  Hog- 
back and  Danforth  Hills  lies  along  the  eastern 
rim  of  the  Uinta  Basin  and  is  in  direct  strati- 
graphic  connection  with  the  Glenwood  Springs 
area,  on  the  southeast,  while  to  the  west  it 
passes  with  some  interruptions  into  the  less 
important  coal  field  of  Uinta  County.  Utah. 
This  general  region  was  visited  in  1872  by  S.  F. 
Emmons,®  of  the  Fortieth  Parallel  Survey,  and 
in  1876  and  1877  by  C.  A.  White,*  of  the  Hay- 
den  Survey.  White  referred  the  coal-bearing 
rocks  of  this  region  to  the  Fox  Hills  and  Lara- 
mie. The  Fox  Hills,  in  accordance  with  what 
he  called  the  ''modified  classification  of  the 
Cretaceous  strata  adopted  in  this  report," 
included  both  the  Pierre  and  Fox  Hills  of  the 
Missouri  River  section  and  was  regarded  as  of 
Cretaceoas  age,  while  the  Laramie  was  classed 
as  post-Cretaceous  and  was  supposed  to  be 
transitional  between  Cretaceous  and  Tertiary. 

A  number  of  other  reports  on  the  coal  re- 
sources of  the  region  by  Chisholm,  Hills, 
Storrs,  Hewctt,  and  others  do  not  need  special 
mention  in  this  connection. 

This  field  was  studied  bv  H.  S.  Gale  '•  in 
ld06,  and  the  final  results  in  this  and  other 
related  areas  in  northwestern  Colorado  and 
northeastern  Utah  were  published  in  1910." 
The  section  as  worked  out  by  Gale  is  essentially 
the  same  as  that  in  the  Book  Cliffs,  Grand 
Mesa,  and  Glenwood  Springs  fields — that  is, 
the  Mesaverde  formation  was  regarded  as  the 
uppermost  or  youngest  formation  of  the  Upper 
Cretaceous  section  in  this  part  of  the  basin. 
The  divisions  established  by  Lee  in  the  Grand 
Mesa   region   were   not   recognized   by   Gale, 

•  U.  8.  Qeol.  Expl.  40th  Par.  Kept.,  vol.  2,  pp.  167-189, 1877. 

*  U.  S.  Qeol.  and  Qeog.  Survey  Terr.  Tenth  Ann.  Rept.,  for  1876,  pp. 
6-40,1878. 

>•  Coallleldaof  the  Danforth  Hills  and  Grand  Hogback,  In  northwestern 
Colorado:  U.  S.  Qeol.  Survey  Bull.  316, 1906,  p.  264, 1907. 

u  Coal  fields  of  northwestern  Colorado  and  northeastern  Utah:  U.  8. 
Sonrey  Boll.  415, 1910. 


though  he  divided  the  Mesaverde  into  lower  and 

upper  members,  the  line  of  separation  being  in 

many  parts  of  the  field  a  conspicuous  whit^e 

sandstone.     The  character  of  the  two  members 

was  described  as  follows: 

Fossil  invertebrates  have  been  found  in  almost  all  parts 
of  the  Mesaverde  formation.  They  indicate  that  the  lower 
part  is  largely  of  marine  origin,  up  to  and  probably  in- 
cluding the  "white  rock."  Above  the  '* white  rock" 
fresh  and  brackish  water  invertebrates  and  plants  indicate 
a  change  of  character  in  the  body  of  water  in  which  the 
succeeding  beds  were  formed.  The  fresh  or  brackish 
water  conditions,  however,  were  not  permanent  and  gave 
way  to  true  marine  conditions  again  near  the  top  of  the 
formation. 

The  absence  of  the  Lewis  shale  and  the 
'' Laramie/'  both  of  which  are  present  in  the 
adjacent  Yampa  field,  may  of  course  be  ex- 
plained in  either  of  two  ways — that  is,  they 
may  never  have  been  deposited  in  this  basin, 
or,  if  deposited,  they  may  have  been  removed 
by  erosion.  The  fossil  plants,  so  far  as  they 
have  been  discussed  in  published  reports,  ap- 
pear to  be  of  Mesaverde  types,  but  there  is 
some  evidence  not  yet  published  that  suggests 
the  possibility  that  the  Laramie  also  may  be 
represented  here.  Be  this  as  it  may,  however, 
the  Laramie  is  not  now  recognized  as  present 
in  the  Grand  Hogback  and  Danforth  Hills 
fields,  or,  indeed,  in  the  Uinta  Basin. 

The  conditions  just  described  may  be  traced 
westward  from  the  Danforth  Hills,  except  that 
the  unconformity  separating  the  Mesaverde 
from  the  overlying  Tertiary  appears  to  cut 
deeper  and  deeper.  Thus  at  Vernal,  Utah,  the 
Mesaverde  is  only  about  1,500  feet  thick,  and 
the  upper  coal-bearing  portion  is  thought  to  be 
absent,  and  in  the  Deep  Creek  district  in  Uinta 
County,  Utah,  the  whole  of  the  Mesaverde  has 
apparently  been  removed.  Reports  on  sev- 
eral of  these  fields  have  been  made  by  Gale," 
Lupton,^'  and  others,  but  as  the  Laramie  is  not 
involved,  they  may  be  passed  over. 

GREEN   RIVER   BASIN. 
TAMPA  COAL  FIELD.  COLORADO. 

The  Yampa  field,  which  occupies  a  consid- 
erable area  in  Routt  County,  Colo.,  lies  along 

u  Qale,  H.  S.,  Coal  fields  of  northwestern  Colorado  and  nortbaastem 
Utah:  U.  S.  Oeol.  Survey  Bull.  415,  pp.  179-210,  1010;  Geology  of  the 
Rangely  oil  district,  Rio  Blanco  County,  Colo.:  U.  8.  Qeol.  Surrey  Bull. 
350,  1006. 

u  Lupton,  C.  T.,  The  Deep  Creek  district  of  the  Vernal  ooal  Held, 
Uinta  County,  Utah:  U.  S.  Qeol.  Survey  Bull.  471,  p.  579,  1912;  The 
Blacktail  (Tabby)  MounUin  ooal  field,  Wasatch  County,  Utah:  Idem, 
p.  595. 
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the  southern  border  of  the  Green  River  Basin 
and  is  separated  from  the  Uinta  Basin  by  an 
anticlinal  axis  that  extends  from  the  Uinta 
Mountains  eastward  to  the  Rocky  Mountains. 
At  one  point  in  Axial  Basin  only  about  4  miles 
intervenes  between  the  Yampa  and  Danforth 
Hills  fields,  yet  the  sections  of  coal-bearing  rocks 
in  the  two  areas,  as  published,  are  considerably 
different. 

The  Yampa  field  was  studied  by  members  of 
both  the  King  and  Hayden  surveys,  and  the 
coal-bearing  rocks  were  in  large  part  referred 
to  the  Laramie,  a  reference  that  became  more 
and  more  firmly  fixed  as  time  went  on ;  in  fact, 
the  whole  coal-bearing  section  was  accepted  as 
of  this  age  until  about  1905.  In  that  year  this 
field  was  investigated  by  Fenneman  and  Gale,^* 
who  were  able  to  divide  the  Cretaceous  portion 
of  the  coal-bearing  rocks  into  three  forma- 
tions— the  Mesaverde,  which  was  believed  to 
correspond  in  whole  or  in  part  to  the  beds  so 
named  in  southwestern  Colorado;  the  Lewis 
shale,  a  marine  formation  of  soft  shales  and 
sandstones  overlying  the  Mesaverde;  and  the 
Laramie.  This  field,  together  with  the  others 
to  the  south,  was  more  fully  considered  by 
Gale  '^  in  1910. 

The  ''Laramie''  in  the  Yampa  field  was  de- 
scribed as  being  about  1,200  feet  thick  and 
composed  of  relatively  soft  sandstones  and 
shales.  It  was  said  to  be  limited  at  the  top 
by  an  unconformity  that  separates  it  from 
overlying  Tertiarj^  beds,  also  coal-bearing, 
which  are  probably  to  be  regarded  as  Fort 
Union  or  its  equivalent.  The  base  of  the 
"Laramie" — that  is,  the  Une  separating  it 
from  the  Lewis — was  apparently  established 
with  difficulty;  in  fact,  it  appears  to  have  been 
drawn  arbitrarily  in  this  field.  On  this  point 
Gale  said : 

As  mapped,  the  formation  is  intended  to  represent  a 
group  that  is  distinguished  from  those  adjacent  by  a 
difference  of  rock  composition  and  that  may  be  recognized 
by  this  distinction  in  the  field.  In  the  case  of  the  Lara- 
mie the  feature  that  distinguishes  it  from  the  underlying 
Lewis  shale  is  the  presence  of  sandstone  beds  that  form 
prominent  ridges  or  ledges  in  the  topography.  Unfor- 
tunately the  horizon  of  its  lowest  sandstone  does  not  appear 
to  be  constant  in  different  parts  of  the  field,  so  that  if  it 
were  possible  to  fix  on  a  single  definite  plane  as  marking  the 
basal  member  of  that  formation  and  trace  it  throughout  the 

^*  Fenneman,  N.  M.,  and  Gale,  H.  S.,  The  Yampa  coal  field,  Routt 
County,  Cdo.:  U.  S.  Geol.  Survey  Bull.  297,  1906. 

^  Gale,  H.  S.,  Coal  fields  of  northwestern  Colorado  and  northeastern 
Utoh:  U.  S.  Geol.  Survey  Bull.  415,  1910. 


field,  it  would  not  everywhere  lie  in  the  same  relation  to 
the  lowest  of  the  principal  group  of  sandstones  overlying. 
Furthermore,  though  the  formation  as  a  whole  is  consid- 
ered to  mark  the  transition  from  marine  to  brackish  and 
fresh  water  deposits,  the  fossils  found  in  the  lowest  part  of 
the  sandstones  ihcluded  in  the  Laramie,  including  those 
in  the  massive  sandstone  beds,  are  distinctly  marine  and 
include  a  fauna  apparently  not  distinguishable  from  that 
of  the  Lewis  beneath. 

North  of  Craig  the  relations  at  the  base  of 
the  *' Laramie-'  appear  to  be  particularly  un- 
certain.    Gale  stated: 

The  base  of  the  Laramie  formation  has  been  assumed  to 
be  at  the  base  of  the  ledge  that  forms  the  prominent  cliff 
or  rock  wall  just  north  of  the  town.  The  outcrop  of  this 
stratum  may  be  traced  almost  continuously  for  about  6 
miles  west  of  Craig,  but  beyond  that  it  is  concealed  by 
the  overlapping  deposits  of  the  Browns  Fftrk  formation. 
Similar  beds  are  again  revealed  farther  west.  *  *  **  In 
that  region  the  identity  of  the  horizon  already  adopted  as 
marking  the  base  of  the  Laramie  is,  however,  much  in 
doubt. 

LITTLE  SKAKB  RIVER  AREA.  WYOMnra  AND  COLORADO 

The  area  drained  by  I^ittle  Snake  River  ex- 
tends from  the  Sierra  Madre  westward  to  the 
Red  Desert,  and  from  the  summit  of  the  Elk' 
head  Mountains  in  Colorado  northward  to  the 
divide  separating  this  area  from  the  Great 
Divide  Basin,  which  is  just  south  of  the  Union 
Pacific  Railroad.  It  is  separated  by  the  Elk- 
head  Moimtains  from  the  Yampa  field,  con- 
sidered above. 

The  western  part  of  this  field  was  studied  by 
M.  W.  Ball  *•  in  1907,  and  the  eastern  part  by 
Ball  and  Stebinger  "  in  1908.  The  section  is 
essentially  the  same  as  that  of  the  Yampa 
field  and  also  of  the  field  studied  by  A.  C. 
Veatch  in  east-central  Carbon  County.  As 
these  areas  will  be  considered  in  detail  in  dis- 
cussing the  relations  between  the  Laramie  of 
the  Denver  Basin  and  the  so-called  ''Lower 
Laramie''  of  Veatch,  no  further  mention  at 
this  point  is  necessary. 

CARBOK   COXnfTY,    WYOMnrO.   AHD   ADJACBITT   AREAS. 

An  extensive  area  13'^ing  mainlj^  in  east- 
central  Carbon  County,  Wyo.,  just  east  of 
the  Green  River  Basin  and  forming  the  west- 
ern pait  of  what  has  sometimes  been  desig- 
nated the  Laramie  Plains,  is  a  stmctural 
and  geologic  basin  lying  in  the  angle  where 

M  Ball,  M.  W.,  The  western  part  of  the  Little  Snake  River  coal  field, 
Wyo.:  U.  S.  Geol.  Survey  Bull.  341,  p.  243, 1909. 

17  Ball,  M.  W.,  and  Stebinger,  Eugene,  The  eastern  part  of  the  Little 
Snake  River  coal  field,  Wyo.:  U.  S.  Qeol.  Survey  Bull.  381,  p.  186, 1910. 
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the  Rocky  Mountains,  from  their  i^est  of 
south  course  through  Colorado,  turn  north- 
westward through  Wyoming  toward  the  Yel- 
lowstone National  Park.  With  this  area  is 
also  consideied  a  long,  narrow  area  extending 
southward  from  the  vicinity  of  Rawlins,  Wyo., 
into  Routt  County,  Colo.,  and  connecting 
through  the  Elkhead  Mountains  with  the 
Yampa  coal  field,  which  is  separated  only  by 
the  Axial  Basin  from  the  coal-bearing  rocks 
that  more  or  less  completely  surround  the 
Uinta  Basin. 

East-central  Carbon  County  has  been  the 
scene  of  more  or  less  critical  geologic  study 
for  nearly  50  years.  The  historical  account  of 
this  work  is  presented  in  detail  on  pages 
61-65  and  need  not  be  repeated  here,  ex- 
cept in  so  far  as  is  necessary  to  keep  the 
problem  well  in  mind.  The  following  is  the 
section  of  the  rocks  of  the  region  as  worked 
out  by  Veatch:^' 

Feet. 

North  Park  Tertiary 4, 500 

Unconformity. 

Fort  Union 800-2, 000 

"Upper  Laramie" ^ 6,000 

Unconformity. 

**  Lower  Laramie  " 

Montana: 

Mc^erde  *h^^  ^^^^^  ^^  early  surveys,  j 

** Pierre  shale" 

Ck)lorado: 

Niobrara 

Benton 

Dakota 

Morrison 

Marine  Jurassic 

Red  beds 

Carboniferous 

Pre-Cambrian  crystallines. 

The  section  of  coal-bearing  rocks,  given  a 
thickness  of  12,500  feet  by  Veatch,  was  sup- 
posed, 'prior  to  his  work  in  1906,  to  be  a  unit 
and  all  referable  to  the  LarHmie.  Veatbh's 
discovery  of  a  profound  unconformity,  then 
thought  to  be  similar  in  position  and  magni- 
tude to  that  detected  by  Cross  in  the  Denver 
Basin,  naturally  made  a  readjustment  neces- 
sary, and  consecjuently  the  beds  above  the 
unconformity  were  called  the  'Tj)per  Lara- 
mie'' and  those  below  it  the  '^  Lower  Lara- 
mie/'    The    latter    therefore    con*espbnds    in 

"  Veatch,  A.  C,  On  the  origin  and  definition  of  the  geologic  term 
"Laramie":  Jour.  Geology,  vol.  15,  p.  527,  1907. 


6,500 

3,000 
3,200 
3,500 

800 

1,500 

150 

200 

75 

1,650 

1,800 


position  to  the  Laramie  of  the  Denver  Basin, 
and  the  present  comparison  is  instituted  to 
ascertain  the  bearing  of  the  floras  oti  this 
correlation. 

Fossil  plants  occur  in  greater  or  less  abun- 
dance in  coimection  with  the  coal',  especially  in 
the  vicinity  of  Carbon,  where  some  of  the 
earliest  mines  were  situated,  but  it  now  appears 
that  the  work  of  the  Hayden  and  King  surveys 
was  all  along  or  south  of  the  Union  Pacific 
Railroad,  where  the  lower  division  is  usually 
absent,  hence  the  plants  studied  by  LesqueilBUX 
were  from  the  **  Upper  Laramie,"  and  it  is  now 
plain  why  the  * '  Laramie ' '  of  this  region  appeared 
to  be  so  distinctively  Tertiary  in  facies.  Since 
the  importance  of  having  collections  from  the 
'^ Lower  Laramie"  has  become  realized  plants 
have  been  procured  from  many  localities,  as  is 
shown  by  the  lists  on  page  100,  where  fur- 
ther data  on  the  geologic  occurrence  are  given. 

It  was  evident  that  much  more  field  work 
would  be  necessary  in  this  region  before  several 
more  or  less  discordant  views  could  be  har- 
monized. This  was  finally  accomplished  by 
Bowen,  and  his  results  were  published  in  1918 
in  a  paper  entitled  ^^  Stratigraphy  of  the  Hanna 
Basin,  Wyo."*'  In  this  paper  Bowen  made  a 
number  of  important)  changes  in  the  interpre- 
tation of  the  Carbon  County  section  as  given 
by  Veatch.     The  two  sections  are  given  below: 

Section  in  Carbon  County y  Wyo. 


Bowen,  1918. 


Veatch,  1912. 


North  Park  forma-  '  North  Park  Tertiary, 
0-400  feet.  \      4,500  feet. 


-Unconformity- 


Hanna     formation, 
7,000  ±  feet. 


-Unconformity- 


-Unconformity- 


Fort   Union   forma- 
tion, 800-2,000 
feet. 


Ferris      formation, 
6,500  ±  feet. 


CretaceouB. 


!  Medicine  Bow  for- 
mation, 6.200  ± 
feet. 


Lewis  shale. 


"Upper    Laramie," 
6,000  feet. 


■Unconformity- 


"Lower    Laramie," 
6,500  feet. 


Lewis  shale. 


»  Bowen,  C.  F.,  U.  S.  Geol.  Survey  Prof.  Paper  108,  pp.  227-235, 1918. 
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Bowen  wrote  as  follows  concerning  this 
section: 

Above  the  higfaeet  marine  formstion— the  Lewis  shale — 
ii  a  maiB  of  continental  deposits,  divisible  into  four  forma- 
tions having  a  maximum  thickness  of  more  than  20,000 
feet.  For  the  lowest  of  these  formations  the  name  Medi- 
cine Bow  is  here  proposed,  because  the  formation  is  beet 
exposed  and  most  easily  studied  along  both  sides  of  North 
Platte  River  at  the  mouth  of  the  Medicine  Bow.  The 
Medicine  Bow  formation  is  the  equivalent  of  the  *'  Lower 
Laramie''  as  defined  by  Veatch.  The  latter  term  is  not 
i^plicable,  for  the  ''Upper  Laramie/'  in  the  sense  in 
which  that  term  was  originally  used,  is  not  of  Laramie  age. 
As  the  relation  of  the  Medicine  Bow  formation  to  the 
Laramie  of  the  Denver  Basin  can  not  be  determined  by 
field  relations,  and  as  paleontologists  are  not  agreed  as  to 
the  relation  of  the  fossil  remains  found  in  the  two  forma- 
tions, the  use  of  the  unqualified  term  *'  Laramie"  is  not 
advisable,  and  it  is  thought  that  confusion  may  be  avoided 
by  the  use  of  an  entirely  new  name  for  the  formation 
hitherto  called  *'  Lower  Laramie.'' 

The  Medicine  Bow  formation  rests  conformably  on  the 
Lewis  shale  and  consists  of  an  alternating  succession  of 
shale  and  massive  to  thin-bedded,  ripple-marked,  and 
cross-bedded  sandstones,  with  several  beds  of  coal  in  the 
lower  third  of  the  formation.    *    *    * 

The  Medicine  Bow  formation  is  terminated  above  by  a 
conglomeratic  zone  taken  as  the  base  of  the  Ferris  forma- 
tion, so  named  because  it  is  best  exposed  at  the  old  Ferris 
ranch,  on  North  Platte  River.  *  *  *  As  defined  the 
Ferris  formation  is  approximately  equivalent  to  the  lower 
half  of  the  "Upper  Laramie"  of  Veatch.  The  conglom- 
erate at  the  base  of  the  Ferris  formation  ranges  through  an 
interval  of  about  1,000  feet,  in  which  massive  sandstone, 
more  or  less  conglomeratic,  alternates  with  noaconglom- 
eratic  sandstone  and  shale.  *  *  *  For  the  upper  part 
of  the  "Upper  Laramie"  as  defined  by  Veatch  the  name 
Hanna  formation  is  proposed,  because  the  formation  is 
well  exposed  to  the  west  and  north  of  the  town  of  Hanna 
and  yields  all  the  coal  mined  at  that  place. 

According  to  Bowen,  perhaps  the  most  inter- 
esting structural  problem  in  the  field  relates 
to  the  occurrence  and  magnitude  of  the  uncon- 
formities.    He  said : 

There  are  certainly  two  and  possibly  three  uncon- 
formities present.  The  highest  of  these  is  at  the  base  of 
the  North  Park  formation,  which  overlaps  all  other  forma- 
tions in  the  field. 

The  next  lower  unconformity  is  that  at  the  base  of  the 
Hanna  formation,  formerly  aasigned  to  the  base  of  the 
Penis  formation.  It  represents  the  removal  of  more 
rather  than  less  than  the  20,000  feet  assigned  by  Veatch. 

This  was  thought  by  Bowen  to  be  the  imcon- 
fonnity  assigned  by  Veatch  to  the  base  of  his 
'^  Upper  Laramie."  Veatch 's  mistake  was  per- 
haps natural,  as  it  resulted  from  rapid  recon- 
naissance work. 

85344—22 5 


The  possibility  of  a  third  unconformity — 
namely,  at  the  base  of  the  Ferris  formation — 
was  discussed  at  length  by  Bowen,  who 
showed  that  there  is  a  well-marked  conglom- 
erate at  the  base  of  the  Ferris  formation  and 
in  seeking  to  interpret  its  significance  com- 
mefhted  as  follows: 

Tlie  field  relations  of  the  Ferris  conglomerate  and  the 
underlying  formation  show  (1)  that  the  two  have  been 
equally  deformed;  (2)  that  there  is  no  angular  discordance 
between  them  either  in  the  Hanna  Basin  or  in  other  areas 
where  both  are  present;  (3)  that  the  Ferris  formation  is 
nowhere  known  to  transgress  the  Medicine  Bow  formation 
and  overlap  older  rocks;  (4)  that,  as  previously  indicated, 
the  conglomerate  seems  to  have  been  derived  ffom  the 
same  source  as  the  Medicine  Bow;  (5)  that  there  appelOB 
to  be  a  gradual  transition  from  the  Medicine  Bow  formation 
to  the  Ferris  formation. 

Bowen  therefore  concluded 

that  the  weight  of  evidence  so  far  as  it  can  now  be  inter- 
preted is  opposed  to  the  existence  of  a  great  unconformity 
at  the  base  of  the  Ferris  formation,  but  it  is  freely  admitted 
that  more  detailed  field  work  over  wider  areas  is  necessary 
to  decide  this  question. 

As  regards  the  paleontologic  evidence  af- 
forded by  what  is  now  called  the  Medicine  Bow 
formation  Bowen  wrote  as  foUows: 

The  plants  are  regarded  by  F.  H.  Knowlton  as  of  the 
same  age  as  the  plants  of  the  Laramie  of  the  Denver 
Basin.  The  invertebrates  are  considered  by  T.  W. 
Stanton  as  belonging  to  the  fauna  of  the  Lance  formation. 
The  bones  belong  in  part  to  the  ceratopsians,  but  no 
specimens  have  been  found  that  are  sufficiently  diagnostic 
for  even  generic  determination. 

BLACK  BVTTks,  WYOMXira. 

Hardly  onv  other  locality  that  is  involved 
in  the  liaramio  problem  has  given  rise  to  more 
extended  discussions  than  Black  Buttes,  Wyo. 
Being  on  the  luio  of  the  first  completed  trans- 
continental railway,  it  was  early  made  easily 
accessible  and,  moreover,  it  happened  to  fall 
within  the  areas  studied  by  three  of  the  geo- 
logical survey  organizations  that  worked  in 
the  West  40  years  or  more  ago,  with  the  result 
that  it  has  been  discussed  and  described  more 
frequently  and  by  a  greater  number  of  stu- 
dents than  any  other  similar  area  that  has 
been  referred  to  the  I^aramie.  The  first 
dinosaur  (Agafhuumas  sylveatrifi)  accredited  to 
the  I^aramie,  which  was  supposed  to  fix  the 
Cretaceous  age  of  everything  associated  with  it, 
was  found  at  Black  Buttes.  This  locality  has 
also  afforded  large  collections  of  fossil  plants 
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and  '*a  greater  number  of  the  described  in- 
vertebrate species  of  the  Ijaramie  than  any 
other  single  locality." 

As  much  of  the  early  history  of  opinion 
regarding  Black  Buttes  has  been  given  on 
pages  8-9,  it  is  only  necessary  to  refer  to  it 
in  the  briefest  manner  at  this  point.  A&  is 
well  known,  Lesquereux  from  his  studies  of 
the  fossil  plants  argued  strenuously  for  the 
Tertiary  age  of  the  coal  and  plant  bearing  beds 
at  Black  Buttes.  Hayden  also  regarded  these 
beds  as  Tertiary,  or,  after  the  est.ablishment 
of  the  Laramie,  as  in  a  measure  transitional 
between  Cretaceous  and  Tertiary.  In  1872 
Meek  and  Bannister  visited  this  region  and 
discovered  the  remains  of  the  dinosaur  which 
has  played  so  prominent  a  part  in  the  discus- 
sion of  the  age  of  these  bods.  These  dino- 
saurian  remains  were  described  the  same  3*ear 
by  Cope,  who  of  course  referred  the  beds  con- 
taining them  without  hesitation  to  the  Cre- 
taceous, us  he  and  other  vertebrate  paleon- 
tologists considered  the  mere  presence  of 
dinosaurs  as  proof  positive  of  Cretaceous  ago. 
Meek,  in  discussing  the  age  of  the  deposits  nt 
Black  Buttes  (*^ Bitter  Creek  beds"  of  Powell), 
was  extremely  cautious,  his  statement  being 
as  follows : 

Ab  we  discovered  in  these  rocks  between  three  and  four 
times  as  many  species  of  fossils  as  had  been  previously 
known  from  the  same,  it  becomes  a  matter  of  some  interest 
to  consider  the  whole  with  regard  to  their  bearing  on  the 
question  as  to  the  age  of  the  group.  The  reptilian  remains 
found  at  Black  Butte,  near  the  top  of  the  series,  have,  as 
elsewhere  stated,  been  investigated  by  Prof.  Cope  and  by 
him  pronounced  to  be  decidedly  dinosaurian  and  there- 
fore indicative  of  Cretaceous  age;  on  the  other  hand,  the 
fossil  plants  from  the  same  beds  have  been  studied  by 
Prof.  I.<e8quereux,  who  informs  me  that  they  are  unques- 
tionable Tertiary  types.  My  own  investigations  ha\ing 
been  confined  to  the  invertebrates,  it  is  of  these  chiefly 
that  I  will  speak  here.  In  the  first  place,  it  will  be  seen 
that  aU  of  these  yet  known  belong  to  a  few  genera  of  mol- 
lusks,  represented  by  some  twelve  or  fourteen  species. 
And  just  here  it  may  be  stated  that,  although  partly  com- 
mitted in  favor  of  the  opinion  that  this  formation  belongs 
to  the  Cretaceous  and  still  provisionally  viewing  it  as 
most  probably  such,  I  do  not  wish  to  disguise  or  conceal 
the  fact  that  the  evidence  favoring  this  conclusion,  to  be 
derived  from  the  moUusks  alone,  as  now  known,  is  by  no 
means  strong  or  com  incing.  The  genera  are  probably  all 
common  both  to  the  Cretaceous  and  Tertiary  as  well  as 
to  the  present  epoch. 

Meek  finally  concluded  that ''  aside  from  the 
dinosaurian,  the  organic  remains  favor  the  con- 
clusion that  it  is  Tertiary.*'     Later,  however 


(1876),  he  recorded  his  impression  that  the 
'* Bitter  Creek  series*'  and  the  underlying 
''Point  of  Rocks  series'*  should  probably  be 
considered  a  unit  and  hence  were  presum- 
ably Cretaceous,  though  again  he  was  far  from 
positive  in  his  opinion. 

In  1876  J.  W.  Powell  published  his  "Report 
on  the  geology  of  the  eastern  portion  of  the 
Uinta  Mountains,"  which  contains  also  a  chap- 
ter on  the  paleontology  by  C.  A.  White.  In 
this  report  the  ** Bitter  Creek  group"  was 
placed  unqualifiedly  in  the  Tertiary  and  was 
described  as  resting  with  marked  angular  un- 
conformity on  the  underlying  "Point  of  Rocks 
group."  In  commenting  on  this  King  '®  wrote 
as  follows: 

Powell  and  White  draw  the  line  below  the  Halh  ille  and 
Black  Butte  coals,  lea\  ing  these  upper  beds,  including  the 
dinosaurian  and  leaf  beds  of  Black  Butte,  in  the  Tertiary. 
They  describe  a  sli^t  "nonconformity  of  erosion/'  pro- 
ducing little  irregularities  in  the  upper  surface  of  the  bed 
directly  above  the  horizon  of  the  Anomia  and  Odontobcsis 
in  the  lower  strata  near  Point  of  Bocks.  This,  howe  er. 
draws  an  arbitrary  line  between  the  groups  of  fossils  of 
close  relationship,  some  of  the  identical  forms  occurring 
in  their  upper  Cretaceous  appearing  in  their  lower  Tertiary 
at  Black  Butte.  Moreover,  they  disregard  entirely  the 
e  idence  of  the  dinosaurian,  which  would  seem  to  be  con- 
clusive proof  of  Cretaceous  age.  We  prefer  to  draw  the 
line  at  the  top  of  Black  Butte,  including  the  dinosaurian 
and  plant  beds  in  the  Cretaceous,  believing  also  that  in 
tracing  the  contact  between  the  beds  next  over  the  dino- 
saurian series  and  the  ashy  beds  which  o\erlie  them  we 
detect  a  slight  unconformity,  which,  when  traced  north, 
seems  both  more  persistent  and  more  observable  than  the 
unconformity  of  erosion  noted  by  Powell,  which  we  fail  to 
follow  north. 

Later  (1877)  White  placed  the  beds  at  Black 
Buttes  in  the  Laramie,  which  he  then  regarded 
as  of  post-Cretaceous  age,  though  ultimately 
he  of  course  came  to  consider  it  as  Cretaceous. 
In  1886  Lestsr  F.  Ward  published  his  "Synop- 
sis of  the  flora  of  the  Laramie  group/'  in  which 
the  plant  beds  at  Black  Buttes  were  discussed 
and  a  few  plants  were  described.  He  was  not 
able  to  decide  from  the  data  he  employed 
whether  the  Laramie  is  Cretaceous  or  Tertiary, 
though  he  inclined  to  the  then  prevailing 
opinion  that  it  is  Cretaceous. 

In  1896  T.  W.  Stanton  and  I  ^'  spent  several 
days  in  studying  the  section  at  Black  Buttes 
and  in  collecting  plants  and  invertebrates.    We 

»  King,  Clarence,  Systematic  geolcgy:   V.  S.  Geol.  Expl.  40th  Par. 
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did  not  succeed  in  finding  any  trace  of  verte- 
brate remains,  though  the  horizon  that  had 
afforded  the  celebrated  ^Agalhaumaa  was  at 
least  approximately  placed  and  the  beds  care- 
fully searched.  The  conclusion  was  reached 
that  the  beds  here  under  consideration  rest 
conformably  on  the  underlying  Cretaceous  and 
pass  upward  without  observed  discordance 
into  beds  then  identified  as  Fort  Union  and 
Wasatch.  They  seemed  to  fill  all  the  require- 
ments demanded  by  the  definition  of  the  Lara- 
mie and  were  so  referred. 

For  a  number  of  years  after  the  publication 
of  the  above-mentioned  paper  there  was  little 
activity  in  the  study  of  the  Black  Buttes 
region.  In  1907  A.  R.  Schultz"  and  party 
made  an  investigation  of  the  coal  resources  of 
the  northern  part  of  the  Rock  Springs  coal 
field  and  reached  iipportant  conclusions  con- 
cerning the  geology  of  this  and  adjacent  areas. 
The  oldest  rocks  exposed  in  the  region  were 
identified  as  of  Montana  age,  and  names  were 
applied  to  them  that  had  been  established  in 
southern  Colorado.  The  lowest,  called  the 
Mesaverde  formation,  is  made  up  of  four  mem- 
bers and  aggregat'es  5,000  feet  in  thickness. 
Conformably  above  the  Mesaverde  is  the  Lewis 
shale,  composed  of  soft  gray,  drab,  and  black 
gypsiferous  shale  and  soft  shaly  sandstones 
and  forming  a  region  of  low  relief.  The  lower 
part  of  (he  Mesaverde  was  said  to  include  in 
the  main  the  "Point  of  Rocks  series''  of 
Powell,  and  the  upper  part  of  the  Mesaverde 
and  the  Lewis  shale  Schultz  assigned  to  the 
'''Bitter  Creek."  Above  the  Lewis  shale  and 
apparently  conformable  with  it  is  the  so-called 
Black  Buttes  coal  group,  which  was  described 
by  Schultz,  as  follows: 

Along  the  east  side  of  the  [Rock  Springs]  dome  the 
Black  Buttes  coal  group  lies  conformably  upon  marine 
Lewis  shale,  which  weathers  readily  and  produces  regions 
of  low  relief.  The  basal  member  of  the  Black  Buttes 
coal  group  consists  of  a  massive  bed  of  yellowish-white 
sandstone,  in  places  over  100  feet  thick  and  not  known  to 
be  coal  bearing.  This  member,  resting  upon  the  soft, 
friable  Lewis  shale,  forms  steep  hills  and  cli£fs  along  the 
contact.  The  rocks  above  the  sandstone  consist  of  a  series 
of  variable  sandstones,  clay,  and  coal  beds  that  lie  ex- 
posed in  the  low  hills  and  ridges  east  of  the  main  scarp. 
On  the  west  side  of  the  dome  this  group  is  absent. 

In  the  tubular  statement  the  Black  Buttes 
coal  group  was  referred  to  as  Laramie  ( ?).  Its 
maximum  thickness  in  this  field  was  given  as 

a  U.  8.  0«ol.  Survey  BuU,  341,  pp.  256-282,  1900. 


2,371  feet.  Resting  unconformably  on  the 
Black  Buttes  coal  group  is  the  Black  Rock 
coal  group,  which  in  the  table  was  classed  as 
Wasatch,  although  in  the  discussion  Schultz 
stated  that  it  ''is  thought  to  belong  to  the  Fort 
Union  formation/'  In  thickness  it  ranges  from 
1,200  to  over  2,600  feet.  The  Black  Rock  coal 
group  was  briefly  described  by  Schultz  as 
follows : 

At  the  base  is  a  thin  band  of  conglomerate,  ranging  in 
thickness  from  2  to  6  feet.  The  pebbles  are  very  tine, 
consisting  mostly  of  quartz,  although  in  many  places  other 
pebbles  are  present.  This  conglomerate  ^narks  an  uncom- 
formable  contact  between  this  coal  group  and  the  Black 
Buttes.  Lithologically  this  group  resembles  the  upper 
part  of  the  Black  Buttes  coal  group.  The  sandstone  and 
shale,  however,  are  more  highly  colored  and  more  poorly 
cemented  and  contain  a  large  number  ol  spherical  and 
irregular  concretions.  The  formation  is  prolifically  coal 
bearing. 

In  the  following  season  (1908)  Schultz  ^  in- 
vestigated the  southern  part  of  the  Rock  Springs 
coal  field,  which  included  the  Black  Buttes 
area,  though  Black  Buttes  is  really  on  the  line 
between  the  two  areas.  The  section  up  to  and 
including  the  Black  Buttes  coal  group  was 
found  to  be  the  same  as  that  just  described  for 
the  northern  part  of  the  Rock  Springs  dome, 
but  above  this  point  in  the  general  section  of 
the  whole  region  a  number  of  differences  were 
discovered.  Although  not  then  known  to  be 
anywhere  exposed  in  the  Rock  Springs  dome,  it 
appeared  from  studies  in  the  Rawlins  area,  to 
the  east,  that  there  is  an  immense  series  of  soft 
sandstones  and  shales,  called  the  Knobs- 
Cherokee  coal  group,  with  a  thickness  of  6,000 
to  9,400  feet,  which  is  to  be  intercalated  be- 
tween the  Black  Buttes  and  Black  Rock  coal 
groups.  If  these  thicknesses  are  even  approxi- 
mately correct,  as  they  are  believed  to  be,  the 
unconformity  between  these  two  series  of  beds 
is  of  course  one  of  trediendous  magnitude.  As 
regards  the  age  determinations,  the  Knobs- 
Cherokee  coal  group  was  referred  by  Schultz  to 
the  ''Upper  Laramie"  of  Veatch  as  defined  in 
Carbon  County,  Wyo.,  while  the  Black  Rock 
coal  group  was  still  referred  to  the  Wasatch, 
although  containing  a  Fort  Union  flora. 

The  general  geologic  relations  of  the  Black 
Buttes  area  having  been  discussed,  a  more  de- 
tailed description  of  the  beds  in  question  may 
now  be  given.    The  following  is  quoted  from 
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the  paper  by  Stanto     and  Knowlton  already 
mentioned: 

The  most  prominent  feature  of  the  section  at  Black 
Buttes  is  the  massive  bed  of  sandstone,  somewhat  over  100 
feet^hick  at  the  base  of  the  exposure,  forming  steep  hills 
and  cliffs  northeast  of  the  railroad  opposite  the  station  and 
passing  beneath  the  surface  by  its  dip  of  9°  or  lO""  near  the 
coal  mine.  The  upper  portion  of  it  is  also  exposed  on  the 
south  side  of  Bitter  Creek  valley,  about  a  mile  from  the 
station .  All  of  the  I^munie  fossils ,  whether  plants ,  inverte- 
brates, or  vertebrates,  that  have  hitherto  been  described  or 
listed  as  c<miing  from  Black  Buttes  were  obtained  from  the 
overlying  beds  within  about  100  feet  of  the  top  of  this  mas- 
sive sandstone.  The  original  specimen  of  Agathaumas 
tylvestrii  was  found  about  20  feet  above  it,  and  the  plants 
that  have  been  described  came  from  the  same  horizon  and 
from  several  higher  bands  up  to  the  bed  overlying  the  prin- 
cipal coal,  some  60  or  75  feet  higher.  The  invertebrates  from 
this  locality  haye  about  the  same  range.  Most  Of  the  beds 
vary  considerably  in  character  and  thickness  within  short 
distances;  but  the  fossiliferous  and  overlying  portions  of 
the  section  may  be  described  in  general  terms  as  a  series 
of  variable  sandstones,  clays,  and  coal  beds  exposed  in  low 
hills  and  ridges  with  a  dip  of  9°  or  10®  eastward  at  the  base, 
but  decreasing  in  the  upper  portions  to  5®  or  6®,  which  is 
•  about  the  same  as  the  overlying  Wasatch  beds. 

The  character  of  the  mollusks  shows  that  the  lower  beds 
were  mostly  deposited  in  brackish  waters,  but  that  there 
were  alternations  of  fresh  waters  in  which  the  genus  Unto 
thrived  with  an  abundance  of  individuals  :nd  great 
variety  of  species,  and  several  fresh- water  gastropcds  were 
common.  Between  the  top  of  the  massive  sandstone  and 
the  dinosaur  horizon  there  is  a  band  filled  with  brackish- 
water  fossils,  including  Ostrea  glabra  var.  arcuatilis  Meek, 
Anemia  micronema  Meek,  CorbiUa  undtfera  Meek,  and 
Modiola  sp.  The  greater  number  of  the  Black  Buttes  in- 
vertebrates, however,  have  been  obtained  from  strata 
some  40  or  50  feet  higher  and  consequently  a  little  above 
the  dinosaur  bed.  Here  there  is  a  band  which  in  some 
places  iflL  about  4  feet  thick,  almost  wholly  made  up  of 
shells.  By  far  the  most  abundant  species  is  Corbicula 
fracta  Meek,  and  immediately  associated  with  it  are  Cor- 
bioila  occidentalii  Meek  and  Hay  den,  Nerxtina  baptUta 
White,  N.  valvilineata  White,  and  Melania  wyomingensis 
Meek,  all  of  which  probably  lived  in  slightly  brackish 
water,  for  this  species  of  Melania  has  almost  invariably 
been  found  associated  with  brackish-¥rater  or  marine  forms, 
although  it  belongs  to  a  freeh-^ter  genus.  At  the  base  of 
this  shell  bed  and  immediately  above  a  coal  seam  Unio 
shells  are  abundant.  These  purely  fresh-water  forms  are 
found  on  the  slope  mingled  with  the  Corbicula  shells,  but 
all  that  were  found  in  situ  were  either  at  the  base  of  or  a 
few  leet  above  the  Corbicula  bed. 

We  may  now  consider  the  delimitation  of  the 
base  of  the  beds  at  Black  Buttes  (  =  Laramie 
of  White  and  many  subsequent  writers,  Black 
Buttes  coal  group  of  Schultz,  etc.)  in  the  light 
of  certain  recently  acquired  but  hitherto  un- 
published data.  Powell  described  the  **  Bitter 
Creek  series '*  as  resting  with  marked  uncon- 


formity on  the  imderlying  ''Point  of  Rocks 
series."  Meek  was  inclined  to  draw  the  line 
at  the  point — ^if  it  could  be  determined — ^where 
the  fresh-water  deposits  begin  and  the  es- 
tuarine  or  brackish-water  deposits  cease,  "  con- 
sidering the  brackish-water  deposits  most 
probably  Cretaceous,  and  those  above  them 
Tertiary."  Bannister  described  an  apparent 
unconformity  beneath  130  feet  of  "thin  sand- 
stone alternating  with  grayish  shaly  clays," 
which  underlie  the  massive  sandstone  that 
forms  bluffs 

on  the  northern  edge  of  the  bottom  hmds  of  Bitter  Creek 
for  a  distance  of  2  or  3  miles  northwest  of  Black  Buttes 
station,  where  there  appears  below  them,  and  apparently 
dipping  unconformably  beneath  them,  a  massive  blui^- 
white  soft  sandstone.  *  *  *  The  dip  of  the  underlying 
beds  is  nearly  southeast  about  18°,  while  that  of  the  over- 
lying rocks  is  only  from  5°  to  7°  and  nearly  due  east. 

Eling  detected  "a  slight  unconformity  be- 
tween the  beds  next  over  the  dinosaurian  series 
and  the  ashy  beds  which  overlie  them,"  which 
had  the  effect  of  placing  the  Agathaunuu  in  the 
Cretaceous.  Ncme  of  these  supposed  imcon- 
formities,  however,  appear  to  have  been 
definitely  detected  and  accepted  by  subsequent 
students. 

In  later  years  it  came  to  be  the  prevailing 
custom  to  make  the  massive  sandstone  so  con- 
spicuous at  the  base  of  the  exposure  the  basal 
portion  of  the  so-called  ''Laramie"  section  at 
Black  Buttes,  because  sedimentation  was  sup- 
posed to  be  uninterrupted  between  this  mas- 
sive sandstone  and  the  overlying  beds,  and, 
moreover,  because  the  sandstone  is  very 
sharply  delimited  from  the  underlying  soft 
Lewis  shale. 

In  1909  A.  C.  Peale  and  I  spent  several  weeks 
in  the  study  of  the  section  at  Black  Buttes  and 
vicinity.  In  the  massive  sandstones  a  few 
hundred  yards  northeast  of  the  station  we 
fodnd  numerous  specimens  of  Halymenites 
major  Lesquereux,  an  alga,  which  wide  expe- 
rience has  shown  is  present  only  in  marine 
beds.  In  addition  to  this,  we  found  a  number 
of  invertebrates  which,  although  fragmentary, 
were,  in  the  opinion  of  T.  W.  Stanton,  sufficient 
to  prove  that  the  beds  are  marine  and  probably 
of  Fox  Hills  age.  We  also  observed  what  we 
interpreted  as  an  unconformity  between  this 
massive  sandstone  and  the  overlying  soft  shales 
containing  the  fauna  and  flora  under  considera- 
tion.    In  the  vicinity  of  the  station  at  Black 
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Suites  and  for  many  miles  southwest  of  the 
raUroad  the  uppermost  layer  of  this  basal 
sandstone  is  a  soft  White  sandstone  which  can 
be  easily  traced.  It  has  a  maximum  thickness 
of  20  feet,  but  the  thickness  varies  from  point 
to  point,  in  some  place  being  reduced  to  a  foot 
or  less,  -and  in  one  locality  about  2  miles  south 
of  the  railroad  the  white  sandstone  has  en- 
tirely disappeared  and  the  soft  shales  rest  on 
the  y^owish  sandstone.  At  another  point 
about  8  miles  southeast  of  the  railroad  we 
observed  an  irregular  trench  at  least  10  feet 
deep  in  this  white  sandstone,  which  was  filled 
almost  solid  with  the  shells  of  Ccrhicxda  fracUij 
a  well-known  species  of  the  upper  beds. 

It  is  but  fair  to  state,  however,  that  the  above 
interpretation  of  observed  conditions  has  not 
been  accepted  by  Schultz  and  other  observers, 
who  argue  that  although  the  upper  white  sand- 
stone may  vary  in  thickness  from  place  to 
place  the  variation  is  due  to  a  lateral  change  in 
color  from  white  to  brown,  and  vice  versa,  rather 
than  to  erosion.  Peale  and  I  failed  to  observe 
any  locality  where  there  was  a  lateral  change 
in  the  color  of  this  sandstone,  and  the  condi- 
tions as  we  saw  them  appeared  to  indicate  a 
3light  imconformity.  Moreover,  the  inherent 
probabiUty  that  this  may  be  correctly  inter- 
preted as  an  unconformity  is  indicated  by  the 
fact  that  the  massive  sandstone  marked  the 
close  of  marine  conditions  in  this  region,  and 
further  by  the  fact,  as  will  be  shown  in  a 
future  pubUcation,  that  the  abundant  flora 
gives  evidence  of  being  younger  than  Laramie. 

ponrT  or  &ocks,  wroMive,  avd  vzozvzty. 

With  the  possible  exception  of  Black  Buttes, 
no  locality  in  this  region  has  given  rise  to  more 
extended  discussion  than  Point  of  Rocks. 
The  section  is  well  exposed  in  the  bluff  just 
north  of  the  station  and  consists  of  massive 
white  sandstones  and  soft  clay  shales  and  coal 
beds.  The  plants  have  been  found  mainly  in 
proximity  to  the  coal.  These  beds  constituted 
the  ** Point  of  Rocks  series"  of  Powell  and  were 
described  by  him  as  strongly  unconformable 
beneath  the  '*Bitter  Creek  series."  Powell, 
Meek,  and  White  agreed  in  regarding  these 
beds  as  of  Cretaceous  age,  but  Lesquereux  from 
his  studies  of  the  plants  considered  them  as 
Tertiary.  After  the  Laramie  formation  was 
establiidied  the  beds  at  Point  of  Rocks  were 


referred  by  White  and  others  to  this  formation, 
or  group,  as  it  was  then  called,  and  this  disposi- 
tion remained  undisputed  for  many  years. 

In  1897  Stanton  and  I  ^  pointed  out  that  the 
coal  and  plant  bearing  beds  at  Point  of  Rocks 
are  below  marine  Cretaceous  beds  containing  a 
Fox  Hills  fauna  and  hence  could  not  be  of 
Laramie  age.    The  statement  was  as  follows: 

At  Point  of  Rocks,  11  miles  northwest  of  Black  Buttes, 
a  lower  series  of  coal-bearing  beds  is  well  exposed  in  cHffs 
and  high  hills  nc^th  and  east  of  the  station.  Here,  as  at 
Black  Buttes,  the  base  of  the  exposure  is  formed  by  a 
massive  light-colored  sandstone  about  100  feet  thick,  and 
this  fact,  together  with  evidence  of  local  Suiting  along 
the  railroad  between  th^  two  places,  has  led  several 
geologists  to  regard  the  two  exposures  as  representing  about 
the  same  horizon.  Our  obs^'vations  confirm  those  of 
Meek  and  Bannister  in  putting  the  Point  of  Rocks  coal 
be^ several  hundred  feet  lower  than  those  at  Black  Buttes, 
ana  we  discovered  the  additional  fact  that  a  considerable 
portion  of  the  intervening  strata  consists  of  marine  beds 
and  contains  a  Fox  Hills  fauna.  The  uneven  upper  sur- 
face of  heavy  sandstone  at  Point  of  Rocks  was  regarded  by 
Powell  as  evidence  of  an  erosion  interval  which  separated 
the  Point  of  Rocks  group  below  from  the  Bitter  Creek 
group  above.  The  larger  number  of  fossil  plants  described 
from  this  locality  were  obtained  in  argillaceous  lenticular 
masses  in  the  upper  part  of  the  sandstone.  Others  are 
associated  with  the  coal  beds,  of  which  there  are  several  in 
the  series  of  soft  sandstones,  sandy  shales,  and  clays  ex- 
posed in  the  bluffs  north  of  Point  of  Rocks  station  to  a 
thickness  of  about  260  feet  above  the  massive  sandstone. 
Above  the  middle  of  the  coal-bearing  part  of  the  section 
two  fossiliferouB  bands  have  yielded  a  few  species  of  inver- 
tebrates, consisting  of  one  marine  shell,  four  brackish-water 
forms,  and  one  fresh-water  form.    ♦    ♦    ♦ 

In  the  neighborhood  of  Point  of  Rocks  the  dip  of  the 
beds  is  about  6*^  a  little  north  of  east,  almost  parallel  with 
a  valley  that  joins  that  of  Bitter  Creek  just  east  of  the 
station,  so  that  the  heavy  sandstone  soon  disappears 
beneath  the  surface  and  the  beds  above  it  successively 
come  down  to  the  valley  level  in  the  hills  on  its  north 
side.  *  *  *  The  beds  on  the  top  of  the  bluffs  north  of 
the  station  thus  come  down  to  the  valley  a  little  over  a 
mile  east  of  that  place,  and  immediately  above  them,  in  a 
brown  ferruginous  sandstone,  marine  Cretaceous  species 
indicating  a  Fox  Hills  horizon  were  found.    ♦    ♦    ♦ 

Above  this  horizon  there  are  few  exposures  seen  on 
going  eastward  until  a  line  of  cliffs  is  reached  nearly  4 
miles  east  of  Point  of  Rocks.  These  cliffs  show  at  their 
base  about  150  feet  of  clay  shales  with  bands  of  sandstone, 
and  a  concretion  in  the  clay  yielded  Baeulite$  ovatua  Say, 
Lunatia  occidentalis  Meek  and  Hayden,  and  Mactra  sp., 
showing  that  this  horizon,  some  700  feet  above  the  last 
one  mentioned,  is  still  in  the  Fox  Hills.  The  shales  are 
overlain  by  massive  sandstone  somewhat  over  100  feet 
thick,  yellowish  brown  below  and  nearly  white  above,  and 
this  is  succeeded  by  a  series  of  shales,  sandstones,  and  coal 

**  Stanton,  T.  W.,  and  Knowlton,  F.  H.,  Stratigraphy  and  paleontol- 
ogy of  the  Laramie  and  related  formations  in  Wyoming:  Gecd.  Soc. 
America  Bull.,  vol.  8,  p.  146, 1807. 
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beds  like  that  at  Black  Buttes  and  containing  many  of 
the  same  characteristic  species  of  fossils  in  the  sane  strati- 
graphic  order. 

As  already  pointed  out,  the  coal  and  plant 
bearing  section  at  Point  of  Rocks  had  for  many 
years  been  r^arded  as  belonging  in  the 
Laramie,  and  the  flora  especially  had  come  to 
be  known  as  a  ^Hrue  Laramie  flora/'  although 
it  had  long  been  recognized  that  it  was  *^  some- 
what different  from  that  of  any  other  locality 
in  the  West/'  In  accordance  with  the  dis- 
covery above  set  forth,  that  the  coal  and  plant- 
bearing  rocks  were  some  hundreds  of  feet  below 
well-defined  marine  Cretaceous,  a  readjustment 
became  necessary.  These  facts  are  set  forth  at 
some  length  in  my  paper  on  the  ''Flora  of  the 
Montana  formation,"  **  published  in  1900. 

In  the  summer  of  1907  A.  R.  Schultz  ^  i#d 
party  investigated  the  resources  of  the  northern 
portion  of  the  Rock  Springs  field  and  gave  a 
brief  account  of  the  geologic  relations.  The 
Point  of  Rocks  coal  and  plant  bearing  beds,  as 
well  as  the  upper  coal  measures  at  Rock  Springs, 
were  called  the  Almond  coal  group,  which  was 
referred  to  the  Mesaverde  formation.  It  is 
separated  by  the  marine  Lewis  shale  (750  ± 
feet)  from  the  overlying  Black  Buttes  coal 
group,  which  was  classed  as  Laramie  (?). 
Schultz's  results  thus  confirmed  the  observa- 
tions of  Meek  and  Bannister  regarding  the  plac- 
ing of  the  Black  Buttes  coal  beds  well  above 
the  Point  of  Rocks  coals  and  those  of  Stanton 
and  Knowlton  in  recognizing  a  marine  Creta- 
ceous formation  between  the  two  groups  of 
coals. 

In  1908  Schultz  "  continued  this  study  to 
include  the  southern  part  of  the  Rock  Springs 
field.  No  change  was  made  in  the  stratigraphic 
assignment  of  the  coal  and  plant  bearing  beds 
under  consideration. 

BOUTHWESTE&H  WTGlflNO. 

Within  an  area  about  40  miles  wide  and  175 
miles  long,  in  Uinta  and  Lincoln  counties,  in 
the  extreme  southwest  comer  of  Wyoming, 
th6re  are  numerous  economically  important 
deposits  of  coal,  and  the  area  has  been  often 
visited  and  more  or  less  critically  studied  by 
geologists.  The  geologic  relations  in  the  vicin- 
al Knowlton,  F.  H.,  U.  S.  Geol.  Survey  Bull.  163, 1000. 
M  The  northern  part  of  the  Rock  Springs  caal  field,  Sweetwater  County, 
Wyo.:  U.  S.  Geol.  Survey  Bull.  341,  pp.  256-282, 1009. 

**  The  southern  part  of  the  Rock  Springs  coal  field,  Sweetwater  County, 
Wyo.:  U.  8.  Geol.  Survey  Bull.  381,  pp.  214-281, 1010. 


ity  of  Evanston  have  been  frequently  alluded 
to  in  the  first  portion  of  this  discussion,  and 
hence  it  is  only  necessary  in  this  connection  to 
call  attention  to  a  few  of  the  more  salient 
points  before  reviewing  the  present  accepted 
status.** 

In  connection  with  the  coal  at  Evanston  fossil 
plants  were  discovered  at  an  early  day,  and 
the  locality  has  been  studied  by  Hayden,  Peale, 
Lesquereux,  Newberry,  Ward,  and  many  others. 
Lesquereux**  always  regarded  the  plants  as 
indicating  a  Tertiary  age,  and  in  his  final  report 
he  placed  the  Evanston  locality  in  his  so-called 
''second  group,'*  which  included  also  Moimt 
Bross  and  Troublesome  Creek,  in  Middle  Park, 
Colo.,  and  Bridger  Pass,  Wyo.  Newberry  ••  ex- 
pressed the  opinion  that  these  plant  beds,  as 
well  as  practically  all  lignite-bearing  beds  in 
Wyoming  and  Utah,  were  Cretaceous,  and 
hence  when  the  Laramie  was  established  they 
were  natiu*ally  referred  to  this  time  division. 
In  1878  C.  A.  White  "  included  the  ''Evanston 
coal  series"  in  the  Laramie  and  gave  a  list  of 
four  species  of  invertebrates  common  with  the 
Judith  River  beds. 

In  his  "Synopsis  of  the  flora  of  the  Laramie 
group*'  Ward  "  described  a  nimiber  of  plants 
from  Evanston  and  Hodges  Pass;  the  latter 
locality,  he  stated,  "may  be  regarded  as  form- 
ing a  northern  member  of  the  Evanston  coal 
field.''  Evanston  and  Carbon  were  placed 
together  in  the  table  showing  the  extent  and 
range  of  the  Laramie  flora  as  he  accepted  it, 
and  both  were  regarded  as  belonging  in  its 
upper  portion. 

Two  years  later  White  "  went  a  step  further 
and  referred  the  coal-bearing  series  at  Evanston 
to  thjD  Wasatch  on  the  groimd  that  sedimen- 
tation was  continuous  from  the  undoubted 
Cretaceous  through  the  Laramie  and  into  the 
Wasatch,  and,  moreover,  the  invertebrates, 
before  supposed   to  be  characteristic  of  the 

'  •  A  complete  bibliography  of  works  relating  to  the  geography  and 
geology  of  this  region  is  given  by  A.  C.  V^eatch  (Geography  and  geology 
of  a  portion  of  southwestern  Wyoming:  U.  S.  Geol.  Survey  Prof.  Paper 
56,  pp.  17-32, 1907). 

»  Lesquereux,  Leo,  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  7, 1878. 

M  Newberry,  J.  8.,  On  the  lignites  and  plant  beds  of  western  America: 
Am.  Jour.  Sci.,  3d  ser.,  vol.  7,  p.  400, 1874. 

*^  On  the  distribution  of  molluscan  species  in  the  Laramie:  U.  8.  Geol. 
and  Geog.  Survey  Terr.  Bull.,  vol.  4,  p.  722, 1878. 

"  Ward,  L.  P.,  U.  8.  Geol.  Survey  Sixth  Ann.  Rept.,  for  1884-85,  pp. 
541  et  seq.,  1886. 

o  White,  C.  A.,  On  the  relation  of  the  Laramie  moUuscan  and  fTedi- 
water  Eocene  fauna  to  that  of  the  succeeding  flreth>water  Eooene  and 
other  groups:  U.  S.  Geol.  Survey  BuJ.  34,  pp.  0-16, 1886. 
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Laramie,  were  then  found  to  be  more  closely 
related  to  those  of  the  Wasatch  or  later  beds. 

In  1895  WUbur  C.  Knight  '*  published  a  paper 
on  the  ''Coal  and  coal  measures  of  Wyoming," 
in  which  he  stated  that  coal-bearing  beds'* 
are  foimd  at  "Henrys  Fork,  Aimy,  Twin  Creek, 
Hams  Fork,  and  Coalville  [Cokeville].  The 
last  four  localities  are  probably  in  the  same 
coal  field,  which  belongs  to  the  Lower  Cretaceous 
and  has  been  known  as  the  Bear  River  group.'' 
This  view  was  widely  at  variance  with  the  facts 
even  as  then  imderstood  and  has  not  been 
followed. 

The  followmg  year  (1896)  Stanton  and  I " 
spent  a  few  d9.ys  at  Evanston  and  Hodges  Pass 
and  concluded  that  the  Wasatch  was  probably 
imconformable  on  the  coal-bearing  beds,  which 
were  presumed  to  be  in  the  upper  part  of  the 
Laramie. 

In  the  summer  of  1905  A.  C.  Veatch  ••  and 
party  began  an  investigation  of  the  coal  and 
oil  resources  of  this  region  and  presented  a 
short  preliminary  statement  of  results,  which 
was  pubUshed  the  next  year.  The  several  for- 
mations observed  and  mapped,  with  their  geo- 
logic time  values,  were  set  forth  in  the  form  of 
a  table.  The  uppermost  Cretaceous  formation, 
with  a  thickness  of  over  5,000  feet,  was  referred 
to  the  Laramie.  It  was  said  to  include  the 
Adaville-Lazeart  coal,  10  to  84  feet  thick,  and 
to  be  terminated  at  the  top  by  a  marked  un- 
conformity. To  the  beds  above  the  uncon- 
formity, which  included  the  coal  at  Evanston — 
that  is,  the  bed  worked  at  the  Almy  and  Red 
Canyon  mines — the  name  Evanston  formation 
was  given,  but  the  exact  age  determination  was 
left  questionable. 

Veatch's  complete  report  on  this  area  *^  was 
published  a  year  or  more  later,  and  in  this  the 
geologic  and  paleontologic  data  were  reviewed 
in  full.  The  uppermost  member  of  the  Creta- 
ceous section,  called  Laramie  in  the  preliminary 
report,  was  here  called  the  AdaviUe  formation^ 
which  included  also  a  white  basal  sandstone 
denominated  the  Lazeart  sandstone  member. 
A  few  hundred  feet  of  the  basal  part  of  the 

M  T7.  8.  Oeol.  Surrey  Sixteenth  Ann.  Rept.,  pt.  4,  pp.  20^212, 1806. 

»  Stanton,  T.  W.,  and  Knowlton,  F.  H.,  Stratiijaphy  and  paleon- 
tology of  the  Laramie  and  related  formations  in  Wyoming:  Oeol.  Soc. 
America  Bull.,  vol.  8,  p.  148, 1897. 

*  Coal  and  oil  in  southern  Uinta  County,  Wyo.:  U.  S.  Oeol.  Survey 
Bull.  285,  p.  331,  1906. 

*  Veateh,  A.  C,  GeDgraphy  and  geology  of  a  portion  of  southwestern 
Wyoming:  U.  8.  QeH.  Survey  Prof.  Paper  56, 1907  (19081. 


AdaviUe  formation  was  thought  to  be  of  Mon- 
tana age,  and  the  remainder  of  the  5,000  feet 
was  called  ''Lower  Laramie.''  Fossils  were 
found  only  in  the  lower  part  of  this  formation, 
and  both  plants  and  invertebrates  appeared  to 
indicate  an  age  older  than  Laramie,  and  these 
furnished  the  basis  for  placing  the  lower  por- 
tion in  the  Montana. 

The  unconformity  at  the  top  of  the  AdaviUe 
formation  (''Lower  Laramie''),  according  to 
Veatch,  involved  a  long  period  of  folding, 
faulting,  and  erosion,  inferred  on  stratigraphic 
grounds  and  indicating  the  removal  of  over 
20,000  feet  of  strata. 

In  the  geologic  column  given  by  Veatch  ** 
the  overlying  Evanston  formation  was  referred 
without  qualification  to  the  "Upper  Laramie" 
and  made  the  basal  member  of  the  Ek)cene,  but 
in  the  discussion  of  this  formation  "  this  refer- 
ence was  not  quite  so  positively  stated.  On 
this  point  Veatch  wrbte  as  foUows: 

The  Evanston  formation  was  considered  by  the  geolo- 
gists of  the  early  Government  expeditions  as  Laramie. 
Later  Dr.  White,  after  studying  in  detail  its  invertebrate 
fauna  and  comparing  it  with  that  foimd  at  Wales,  Utah, 
concluded  Ihat  these  beds  were  undoubtedly  Wasatch. 
Ward  and  Knowlton,  because  of  its  flora,  have  regarded  it 
as  essentially  the  same  as  the  Carbon  beds,  but  as  the 
stratigraphic  position  of  the  Carbon  beds  has  never  been 
determined  this  correlation  does  not  lead  very  far. 
Kno^ton  reported  that  the  leaves  collected  in  1905  are 
''Upper  Laramie.''  As  early  as  1893  he  suggested  the 
possibility  of  their  representing  the  Denver  beds,  and 
again,  in  1898,  doubtfully  referred  this  locality  to  the 
Denver.  Dr.  T.  W.  Stanton  regards  the  invertebrates  as 
Laramie  or  Fort  Union,  and  the  question  thus  becomes 
involved  in  the  larger  one  of  the  true  age  of  the  Fort 
Union,  which  has  been  regarded  both  as  Upper  Cretaceous 
and  Eocene.  The  paleontologic  collections  made  at  this 
locality  do  not  prove  conclusively  that  the  beds  are  Upper 
Cretaceous  or^  on  the  other  hand,  show  that  they  are  basal 
Eocene.  *  *  *  The  stratigraphic  evidence  strongly 
suggests  that  the  line  between  the  Eocene  and  the  Creta- 
ceous should  be  drawn  at  the  base  of  the  Evanston  and 
certainly  shows  no  reason  for  drawing  it  between  the 
Evanston  and  the  Almy  [the  formation  conformably  above 
the  Evanston].  On  the  whole,  the  Evanston  formation 
may  be  tentatively  regarded  as  Eocene. 

The  reference  of  the  AdaviUe  and  Evanston 
formations  to  the  *^ Lower  Laramie"  and 
''Upper  Laramie,"  respectively,  was  in  accord 
with  the  section  as  worked  out  in  Carbon 
County,  Wyo.,  even  including  the  great  imcon- 
formity  separating  them. 

■  Idem,  facing  p.  SO. 
» Idem,  pp.  76-87. 
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In  1906  A.  R.  Schultz**  continued  the  field 
work  directly  north  of  the  area  covered  by 
Veatch  in  the  report  just  comidered,  but  his 
report  was  not  published  until  1914.  When 
the  field  study  was  made  the  area  covereit  by 
Schultz  was  in  the  northern  part  of  Uinta 
County,  but  subsequently  (1912)  this  area  was 
included  in  Lincoln  County.  In  ihe  main  the 
geolc^c  formations  present  in  the  southern 
area  were  carried  northward  into  Lincoln 
County,  though  with  some  notable  changes  in 
the  thickness  of  the  beds.  The  Adaville  forma- 
tion showed  a  decrease  in  thickness  from  a 
maximum  of  4,000  to  2,800  feet,  and  the 
Eranston  an  increase  from  1,600  to  over 
9,500  feet.  Both  these  formations  were  de- 
scribed in  much  the  same  terms  as  were  used 
by  Veatch;  in  fact,  full  quotations  were  made 
from  liis  report.  No  stratigraphic  or  paleon- 
tologic  evidence  was  procured  or  recorded  con- 
cerning them  that  would  tend  to  change  their 
age  assignments  as  recorded  by  Veatch,  yet  in 
the  stratigraphic  column  given  on  pi^e  29  df 
Schuttz's  report  striking  modifications  ap- 
peared. Thus  the  Adaville  was  placed  entirely 
in  Uie  Montana,  and  the  designation  "Lower 
Laramie"  had  disappeared,  while  the  Evanston, 
before  called  "Upper  Laramie"  and  made  the 
basal  member  of  the  Eocene,  was  here  placed 
under  the  designation  "Cretaceous  or  Ter- 
tiary," and  the  Almy  formation  became  the 
lowest  accepted  Eocene. 

COALVILLK,  UTAH,  AND  TICDTITT. 

The  geology  in  the  vicinity  of  Coalville, 
Utah,  is  somewhat  complicated,  and  extensive 
difiFerences  of  opinion  on  it  have  prevailed 
among  geologists.  The  following  brief  his- 
torical account  of  it  is  given  by  T.  W.  Stanton :" 

The  coal-beuing  Cretaceoua  beds  exposed  at  Coalville, 
Utah,  and  on  Bear  River,  near  the  mouth  of  Sulphur 
Creek,  Wyo.,  have  been  the  subject  of  conaiderable  die- 
cuision,  and  vorioua  opiaioiu  concerning  their  precise  age 
have  been  published  by  several  geologislc  and  paleontolo- 
gists who  have  visited  the  localitiea  or  examined  collec- 
tions from  them.  They  were  referred  to  the  Cretac«oufl 
by  Messrs.  Meek  and  En^lmann  in  1S60  and  were  com- 
pared with  certain  CrpIaceouB  beds  al  the  mouth  of  Judith 
River,  then  regarded  as  belonging  to  No.  1  (Dakota)  but 
afterward  proved  to  be  of  Fox  Hills  age.    When  Capt. 

uSchulti,  A.  R.,  Oeology  and  gtogitphy  of  m  partlon  oC  Lincoln 
County,  Wyo.:  U.  8,  Oeol.  Survey  Bull.  MS,  IB14, 

«  The  Colorado  fornution  and  lis  Invertrbrsla  faune:  U.  8.  OboI. 
Survey  BdU.  IW,  pp.  37,  JB,  l»3  1IS»4|. 


report  was  published  in  1876  Mr.  : 
again  expressed  the  opinion  that  theae  beds  are  probably 
"Lower  Oetaceous"  [Dakota]. 

They  were  at  first  rt^arded  as  Tertiary  by  iSemn.  Hay- 
den  and  Ltaqtiereux.  In  1870  Hessm.  Meek  and  H«yd«n 
adopted  the  view  that  the  Coalville  beds  are  Crotaceona 
but  that  they  "occupy  a  higher  hori ton  in  the  Crataceous 
than  even  the  Fox  Hills  beds  of  the  Upper  Hianuri  Cieta* 
ceous  eeriea." 

Hr.  Meek  visited  Co«lville  in  1872,  and  att«r  making 
larger  collections  and  studying  the  stratigrai^y  he  decided 
that  the  entire  upper  Minouri  Cretaceous  section,  with 
p^iape  some  older  beds,  is  represent«d  heie.  The 
detailed  section  that  he  published  ahoin  oORecUy  the 
essential  features  of  the  stratigraphy.  Th«  oiriniona  (bat 
he  then  expressed  concerning  the  correlation  of  these  beds 
were  repeated  in  subsequent  publications. 
.  Messrs.  King  and  Emmons  assigned  the  Cretaceous 
strata  at  Coalville  to  the  Colwado,  Fox  Hills,  and  I«ramie 
fatmations  and  so  mapped  them  in  the  atlas  accompanying 
their  report.  The  principal  (lower)  coal  bed  is  included 
in  the  Colorado  formation  and  the  upper  one  in  the  Fox 
Hills,  the  line  between  these  two  fonnationa  being  dnirn 
in  the  second  ridge  above  the  lower  coal  bed.  It  should 
be  remembered  that  the  Cokmdo  foimatioo  was  then  made 
to  include  the  Fort  Pierre  divisiou. 

Dr.  C.  A.  White  studied  the  section  in  1877,  um)  after 
discussing  the  fossils  collected  in  it,  he  states  that  it  is 
impracticable  to  refer  the  stnU  to  any  one  or  more  of  the 
established  Cretaceous  groups  with  certainty,  but  he 
thinks  there  is  no  reason  to  doubt  that  the  greater  part  of 
the  aeries  at  least  is  referable  to  the  Fox  Hills. 

Stanton  presented  a  detailed  section,  which 
shows  the  presence  of  about  6,000  feet  of  strata 
below  the  recognized  Tertiary.  Of  this  column 
about  1,700  feet  was  assigned  to  the  Colorado, 
about  2,800  feet  tentatively  to  the  Montana, 
and  approximately  1,500  feet  of  unfossiliferous 
strata  were  said  to  include  the  Laramie  if  it  is 


None  of  the  investigators  prior  to  Stanton 
had  noticed  the  presence  of  plants,  but  he  found 
a  fairly  rich  deposit  nearly  1,000  feet  above  the 
base  of  the  Montana,  overlain  by  fully  1,800 
feet  of  richly  fossiliferous  marine  Cretaceous, 
representing  the  upper  portion  of  the  Montana. 

These  plants  were  studied  by  me,  and  a  brief 
report  on  them  is  printed  on  page  42  of  Stanton's 
bulletin.  In  this  report  it  was  stated  that  the 
most  important  of  the  species  "belong  clearly 
to  the  Laramie  group,"  but  it  should  be  re- 
membered that  this  statement  was  in  accord 
with  the  current  conception  of  the  Laramie 
when  the  flora  from  Point  of  Rocks  was  re- 
garded as  typical.  The  subject  was  reviewed 
and    the   plants   from   Coalville   properly   re- 
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ferred  to  the  Montana  in  my  "flora  of  the 
Montana  fonnation."  ^ 

ThiB  economic  resources  of  this  region  were 
briefly  examined  by  J.  A.  Taff  ^  in  1906,  but  he 
made  only  incidental  mention  of  the  geologic 
relations,  taken  mainly  from  the  results  of  the 
earlier  students. 

The  Coalville  section  was  also  briefly  simi- 
marized  by  A.  C.  Veatch  ^  in  his  paper  on  the 
''(Geography  and  geology  of  a  portion  of  south- 
wester  Wyoming,"  published  in  1908,  for  the 
purpose  of  comparing  it  with  the  Wyoming 
section,  of  which  it  doubtless  represents  a 
part.  He  suggested  that  the  Colorado  group 
may  extend  higher  in  the  section  so  as  to  in* 
elude  the  plant-bearing  beds.  Veatch  also 
gave  a  very  complete  bibliography  relating  to 
the  exploration  and  geology  of  this  general 
region.  The  latest  report  on  this  field  is  that 
by  Carroll  H.  Wegemann,**  published  in  1915. 
In  this  report  the  Coalville  section,  with  a 
thickness  of  about  9,000  feet,  was  described  as 
a  slightly  overturned  anticline.  Folding  and 
faulting  here  further  complicated  matters  until 
in  the  absence  of  adequate  paleontologic  data, 
it  is  difficult  to  draw  satisfactory  formational 
boundaries;  in  fact,  Wegemann  stated  that 
''although  the  area  has  been  studied  by  several 
geologists,  the  formation  boundaries  are  by  no 
means  definitely  determined." 

According  to  Wegemann,  the  workable  coal 
of  the  region  is  of  Colorado  age,  but  the  thick- 
ness that  is  to  be  assigned  to  the  Colorado  part 
of  the  section  is  indefinite.  Its  thickness  is  at 
least  1,000  feet,  and  there  is  a  tendency  to 
extend  the  Colorado  upward  to  include  an  addi- 
tional 1,000  feet,  but  the  evidence  for  this  was 
not  regarded  as  conclusive.  It  would  then 
include  the  plant  horizon  already  mentioned, 
which  contains  a  flora  correlated  with  the 
Montana  (Mesaverde)  at  Point  of  Rocks,  Wyo. 

The  Laramie  is  not  known  to  be  present  in 
this  section,  but  in  this  connection  Wegemann 
pointed  out  that  there  are  over  4,000  feet  of 
beds  between  those  last  mentioned  and  the 
unconformity  at  the  base  of  the  Tertiary 
(Wasatch  formation)  that  are  still  unplaced. 
This  great  thickness  of  beds  was  divided  into 


«  Knowlton,  F.  U.,  U.  S.  Geol.  Survey  Bull.  163,  pp.  8-9,  1900. 

•  Not«B  on  the  Weber  River  coal  field,  Utah:  U.  8.  Geol.  Survey  Bull. 
285,pp.38&-288»1906. 

M  U.  8.  QfA,  Survey  Prof.  Paper  S6,  p.  103, 1907  [1908]. 

«  The  CoalvUle  coal  fleld,  Utoh:  U.  8.  Geol.  Survey  Bull.  581,  pp.  161- 
184, 1915. 


two  parts,  the  lower  of  whidi  (No.  3  of  Wege- 
mann's  section  on  p.  163),  1,650  feet  thick,  is 
marine,  while  the  upper  (No.  2),  2,500  feet 
thick,  contains  leaves  and  fresh-water  shells, 
though  they  are  not  sufficiently  abundant  or 
sufficiently  well  preserved  to  admit  of  definite 
stratigraphic  determination. 

SAN    JUAN    BASIN    AND    ABJAGKNT    ABSA8    IN 
COLO&ADO  AND  NSW  MXZICO. 

The  area  included  in  the  San  Juan  Basin  and 
vicinity  extends  from  the  vicinity  of  Durango, 
Colo.,  on  the  north,  beyond  Gallup  and  Mount 
Taylor,  N.  Mex.,  on  the  south,  and  from  a  point 
near  the  Arizona-New  Mexico  line  on  the  west 
to  Chama,  Elvado,  and  the  Sierra  Nacimiento, 
near  the  longitude  of  Albuquerque  on  the  east, 
or  nearly  150  miles  from  north  to  south  and 
100  miles  from  east  to  west.  The  coal-bearing 
rocks  form  a  more  or  less  continuous  rim 
around  this  basin  and  dip  toward  the  center, 
where,  however,  they  are  deeply  buried. 

The  San  Juan  district  was  studied  by  W.  H. 
Holmes,**  of  the  Hayden  Survey,  in  1875.  In 
Plate  XXXV  of  his  report  he  gave  a  general 
section  of  the  rocks  in  the  valley  of  San  Juan 
River.  The  uppermost  member  was  referred 
to  the  Wasatch,  which  he  divided  into  two 
parts,  the  lower  being  the  Puerco  marl  of  Cope. 
Inmiediately  below  this  is  the  so-called  "  upper 
coal  group,"  made  up  of  800  feet  of  soft  sand- 
stones and  marls,  which  was  refen*ed  to  as 
Laramie  ?.  This  in  turn  rests  on  the  Pictured 
Cliff  sandstone,  which  with  the  underlying 
1,500  to  2,000  feet  of  rocks  Holmes  referred  to 
the  Fox  Hills. 

Except  for  a  number  of  economic  reports  on 
the  coal  of  the  region,  little  systematic  work 
was  done  in  this  area  until  1899,  when  Whitman 
*Cross,*'  in  the  La  Plata  folio,  established  the 
units  of  the  Upper  Cretaceous  section  of  the 
region,  which  have  subsequently  been  so  widely 
identified  in  Colorado,  Wyoming,  and  Montana. 
These  units  in  ascending  order  are  Mancos  shale, 
Mesaverde  formation,  and  Lewis  shale.  Con- 
cerning the  Lewis  Gross  wrote  as  follows: 

Above  the  Mesaverde  formation  occurs  another  formation 
of  clay  shale,  reaching  an  observed  thickness  of  nearly 
2,000  feet,  which  is  very  much  Uke  the  Mancos  shale  but 
contains  fewer  fossils.  The  only  identifiable  form  thus 
far  found  in  this  shale  occurs  also  in  the  Mancos  shale,  so 

M  Geological  report  on  the  San  Juan  district:  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ninth  Ann.  Bept.,  p.  241, 1877. 
«'  U.  8.  Geol.  Survey  Geol.  Atlas,  La  Plata  folio  (No.  00),  p.  4, 1800. 
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that  ibis  divisioa  is  still  apparently  below  the  true  Fox 
Hills.    This  iormatiion  is  called  the  Lewis  shale. 

Continuing,  Cross  said : 

Still  above  the  I^wis  shale  is  a  second  series  of  sand- 
stones, shales,  and  coals,  bearing  some  resemblance  to  the 
Mesaverde  formation  but  differing  in  detail.  The  lowest 
member  of  this  complex  is  the  ''  Pictured  Cliff  sandstone" 
of  Holmes's  San  Juan  section,  which  he  placed  in  the 
Fox  Hills  upon  the  evidence  of  invertebrate  remains. 
The  remainder  was  referred  to  the  Laramie,  but  \^ithout 
fossil  evidence.  'The  present  survey  has  also  failed  to 
bring  to  light  valid  ground  for  assigning  any  of  the  beds 
in  question  to  the  Laramie,  while  there  is  some  reason 
to  believe  that  more  than  the  lower  sandstone  belongs  to 
the  Montana  group. 

In  1905  F.  C.  Schrador  *•  made  a  preliminary 
or  reconnaissance  examination  of  the  Durango- 
Gallup  coal  field,  in  which  he  adopted  the 
stratigraphic  classification  estahlished  by  Cross, 
the  uppermost  coal-bearing  sandstone  being 
classed  as  liaramie  ?,  though  no  fossil  evidence 
was  presented. 

In  1906  more  detailed  examinations  were 
made  in  the  region  by  Joseph  A.  TaflF  and 
M.  K.  Shalor.  TafT  *•  considered  the  Durango 
coal  district,  which  lies  just  off  the  southern 
foothills  of  the  San  Juan  and  La  Plata  moun- 
tains.  In  this  report  the  upper  coal-bearing 
rocks  here  under  consideration  were  referred 
without  question  to  the  Laramie,  though  no 
details  were  given  as  to  the  reasons  for  this 
reference.  Shaler's  report  ^  deals  with  that 
part  of  the  Durango-Gallup  field  lying  west  of 
longitude  107°  30'.  The  beds  here  in  question 
were  also  referred  to  the  Laramie  without 
qualification,  bn  the  basis,  as  he  stated,  of 
fossils  studied  by  T.  W.  Stanton  and  me, 
though  the  evidence  was  not  presented  in 
detail.  Examination  of  the  original  reports 
on  the  plants  collected  by  Shaler  and  others  in 
this  region  shows  that  the  collections  were  few 
and  fragmentary  and  the  tendency  was  to 
regard  them  as  older  than  Laramie. 

The  status  of  the  ''Laramie"  in  the  region 
under  consideration  is  so  succinctly  summed 
up  by  W.  T.  Lee  *^  in  his  paper  on  the  **  Stra- 
tigraphy of  the  coal  fields  of  northern  New 
Mexico"  that  his  remarks  are  quoted  entire  as 
follows: 

*>  The  Durango-GaUup  coal  field  of  Colorado  and  New  Mexico:  U.  S 
Oeol.  Survey  BuU.  2H5,  pp.  241-258, 1906. 

«•  The  Duran^  coal  district,  Colo.:  U.  8.  Geol.  Survey  Bull.  316,  pp. 
321-337, 1907. 

M  A  reconnaissance  survey  of  the  western  part  of  the  Durango-Gallup 
coal  field  of  Colorado:  Idem,  pp.  376-426. 

M  Geol.  Soc.  America  Bull.,  vol.  23,  pp.  607-608, 1912. 


The  "LAramie"  fonnation  occuib  within  the  ana  de- 
scribed in  this  paper  only  in  the  San  Juan  Baain.  It  ia 
more  than  1,000  feet  thick  in  the  southern  rim  of  the 
basin  but  is  thinner  in  the  eastern  rim,  probably  due  to 
poflt-Oretaceous  erosion.  At  Dulce  it  is  only  225  feet 
thick.  The  formation  lies  conformably  on  Lewis  shale 
and  probably  for  this  reason  more  than  for  any  other  has 
been  called  Laramie,  although  Dr.  Gross  several  years 
ago  called  attention  to  the  fact  that  investigation  had 
''failed  to  bring  to  light  valid  ground  for  assigning  any 
of  the  beds  in  question  to  the  Laramie,  while  there  ia 
some  reason  to  believe  that  more  than  the  lower  sand- 
stone belongs  to  the  Montana  group.*'  Since  that  time 
a  considerable  number  of  fossils,  both  of  invertebrates  and 
of  plants,  have  been  collected  from  these  beds  in  the 
Durango  region.  The  base  of  the  formation — the  Pictured 
Cliff  sandstone — contains  marine  invertebrates,  and  the 
lower  part  of  the  coal-bearing  rocks  above  this  sandstone 
contains  braddsh-water  invertebrates,  several  of  which 
occur  in  the  Mesaverde  of  other  fields.  But  higher  in 
the  formation  the  rocks  contain  fresh-water  invertebrates 
which  Dr.  Stanton  regards  as  Laramie  and  fossil  plants 
which  Dr.  Knowlton  regards  as  older  than  Laramie.  The 
fossil  plants  have  been  given  in  the  table  previonsiy 
given,  and  from  thia  table,  as  well  as  from  the  accompany 
ing  statement  by  Dr.  Knowlton,*'  it  will  be  seen  that  the 
flora  differs  but  little  from  that  of  the  Mesaverde  farther 
to  the  south. 

The  name  "  Laramie  *'  is  here  used  for  this  formation  not 
becatise  the  writer  wishes  to  aigue  for  the  Laramie  age  of 
the  rocks,  but  because  the  name  is  in  use  and  because  in 
this  paper  the  writer  is  intentionally  avoiding  the  intro- 
duction of  new  names  for  rock  formations.  It  must  be 
noted,  however,  that  while  the  formation  is  called 
** Laramie"  it  contains  a  flora  which  denotes  Montana 
age,  having  nothing  in  common  with  the  Laramie  flora 
of  the  Denver  Basin. 

Whether  the  formation  will  eventually  be  called 
''Laramie'*  or  be  designated  in  some  other  way  depends 
largely  on  the  final  use  of  that  somewhat  migratory  name. 
,  But  in  vie^  of  the  facts  that  many  of  the  species  of  marine 
'  and  brackish-water  invertebrates  from  the  lower  part  of 
the  formation  occur  in  the  Mesaverde  of  other  localities, 
that  the  invertebrates  from  the  upper  part  are  of  fresh- 

*  The  statement  here  aUuded  to  is  as  follows:  *'Near  DvHibb,  N.  Max., 
and  near  Duran^,  Colo.,  there  have  been  obtamad  two  ooDeotiODS  of 
4  plants  from  above  the  Lewis  shale  in  coa^beannf  rooks  that  have  been 
referred  to  the  so-caUed  '  Laramie '  of  this  region.  Thase  oollecttoog  art 
very  full  and  embrace  a  number  of  easily  recogni.ed  species,  henoe  their 
identification  is  satisfactory  and  complete.  These  ooUectlQiia  prove 
clearly  that  these  beds  do  not  belong  to  the  Laramie,  slace,  so  ter  as 
known  to  the  writer,  not  a  single  species  there  present  has  been  found 
(n  beds  of  this  age.  On  the  other  hand,  the  plants  indicate  bejrond 
question  that  they  belong  to  the  Montana,  there  bemg,  for  uistaiMa, 
Ficut  tpechtissima,  Fieut  sp.  (narrow,  3-nerved  type),  Fku9  sp.,  type 
of  F.  laneeolata,  a  palm,  etc.,  which  link  them  with  the  Mesaverde  floras 
to  the  south  and  the  beds  already  discussed  in  the  Raton  Men  reglOD. 
Associated  with  these,  however,  and  tending  to  give  them  a  slightly 
higgler  position,  though  .still  within  the  Montana,  are  sueh  forma  aa 
BrmchyphjUum,  CunninghumUu,  Geinkria,  Stqticia,  etc.,  all  of  which  are 
beyond  doubt  Montana  types  not  found  m  the  Laramie. 

A  number  of  collections  were  made  by  J.  H.  Gardner  in  the  Ignaao 
quadrangle,  east  of  Durango,  Colo.,  from  beds  regarded  as  the  Laramla 
of  that  area.  The  plants  in  these  ooUertions,  almost  spedes  by  species, 
are  identical  with  the  forms  from  Dulce  and  near  Durango,  and  I  havs 
no  hesiUtion  in  saying  that  they  occupy  the  same  stratigraphle  posi- 
tion and  are  the  same  in  age,  viz,  Montana.'' 
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wftter  origin  and  admittedly  unreliable  for  purpoees  of 
correlation,  and  that  the  plants  are  of  Montana  types, 
serious  doubt  is  cast  on  the  lAramie  age  of  the  formation.) 

It  now  remains  to  consider  certain  dinosaur- 
bearing  beds  near  Ojo-  Alamo,  N.  Mex.,  12 
miles  south  of  Farmington,  which  may  have  a 
bearing  on  the  ''Laramie''  of  the  San  Juan 
Basin.  In  1908  James  H.  Gardner,  then  of 
the  United  States  Geological  Survey,  found 
vertebrate  remains  near  the  head  of  Coal 
Creek,  1  mile  southeast  of  Ojo  Alamo,  ''in 
variegated  sands,  shales,  and  conglomerates, 
indisputably  above  the  unconformity  at  the 
top  of  the  Laramie.""  These  remains  were 
studied  by  C.  W.  Gilmore,  who  reported  the 
presence  of  TricercUopSy  TrdcJiodon,  Tyranno- 
saurus,  AspidireteSf  and  crocodiles,  which,  he 
said,  "appears  to  represent  a  typical  fauna  of 
the  so-called  Laramie,  or  better,  Ceratops 
beds."  At  the  time  this  was  written  it  was 
thought  possible  that  these  dinosaur-bearing 
beds  might  be  a  part  of  the  Puerco  formation, 
but  subsequent  investigation  has  shown  that 
this  is  not  so. 

In  the  same  year  (1909)  Stanton  **  listed 
several  collections  of  invertebrates  from  the  so- 
called  Laramie  "coal  measures  immediately 
above  the  Lewis  shale,"  on  the  line  between  La 
Plata  and  Archuleta  counties,  Colo.,  which  he 
considered  as  belonging  to  the  same  fauna  and 
"at  about  the  same  horizon"  as  the  fauna  in 
the  beds  at  Black  Buttes,  Wyo. 

It  appears  that  dinosaurs  had  been  known 
at  the  Ojo  Alamo  locality  as  early  as  1902,  but 
it  was  not  until  1904  that  a  systematic  attempt 
was  made  to  collect  them.  In  that  year 
Bamum  Brown,  of  the  American  Museum  of 
Natural  History,  made  a  reconnaissance  trip  to 
the  locality  and  procured  "  a  small  but  inter- 
esting collection  of  fossils."  His  report  on 
these  fossils,  however,  was  not  published  until 
1910.**     He  said: 

This  collection  is  of  special  interest,  as  it  represents  a 
fauna  that  is  distinctly  older  than  that  of  the  ''Lance 
Creek  beds  or  Ceratops  zone"  and  "Hell  Creek  beds"  of 
the  Laramie  Cretaceous.  }l  am  unable  definitely  to 
correlate  the  horizon  in  which  these  bones  occur,  but 

M  Knowlton,  F.  H.,  The  stratigraphic  relations  and  paleont<dogy  of 
the  "Hell  Creek  beds,"  "  Ceratops  beds,"  and  equivalents:  Washington 
Acad.  Scl.  Proc.,  vol.  11,  p.  233,  1909. 

^  Stanton,  T.  W.,  The  age  and  stratigraphic  relations  of  the  "  Ceratopt 
beds"  of  Wyoming  and  Montana:  Washington  Acad.  Sci.  Proc.,  vol.  11, 
p.  274, 1909. 

**  Brown,  Bamum,  The  Cretaceous  Ojo  Alamo  beds  of  New  Mexico, 
with  description  of  the  new  din3saur  gouus  KrUotaurju:  Am.  Mus.  Nat. 
Hist.  Bull.,  vol.  28,  pp.  267-274,  1910. 


the  faunal  facies  appears  to  be  even  older  than  that  of 
Black  Buttes,  Wyo.,  and  probably  represents  a  period 
synchronous  with  the  lower  part  of  the  Edmonton  series 
of  Alberta,  Canada.    •    «    ♦ 

Less  than  a  mile  south  of  the  store  at  Ojo  Alamo  the 
Puerco  formation  rests  unconformably  on  a  conglomerate 
that  is  composed  of  red,  gray,,  yellow,  and  white  pebbles. 
The  position  of  these  beds  is  below  what  may  be  called 
the  type  of  the  Puerco  or  basal  Eocene*  and  their  uncon- 
formable relation  is  highly  significant.  ♦  »  *  Below 
the  conglomerate  there  is  a  series  of  shales  and  sandstones, 
evenly  stratified  and  usually  horizontal,  in  which  there  is 
much  less  cross-bedding  than  commonly  occurs  in  the 
I^Aramie  of  the  northern  United  States. 

The  shales  below  the  conglomerate  that  contain  numer- 
ous dinosaur  and  turtle  remains  I  shall  designate  as  the 
Ojo  Alamo  beds.  They  are  estimated  to  be  about  200  feet 
thick,  but  owing  to  .lack  of  time  I  was  unable  to  deter- 
mine their  relation  to  the  underlying  formations^  The 
vertebrate  remains  were  numerous  in  several  places  from 
30  to  100  feet  below  the  conglomerate. 

The  new  dinosaurian  was  described  as 
Kritosaurus  navajomcvs. 

During  the  summer  of  1909  James  H.  Gard- 
ner, in  company  with  James  W.  Gidley,  of  the 
United  States  National  Museum,  spent  two 
days  in  the  vicinity  of  Ojo  Alamo  and  obtained 
a  number  of  remains  of  turtles  from  Brown's 
Ojo  Alamo  beds.  These  were  described  by 
O.  P.  Hay**  the  following  year.  Concerning 
the  stratigraphic  relations  Hay  said: 

In  this  region  they  found  two  distinct  formations.  In 
the  lower,  composed  of  sandstones,  clays,  and  a  bed  of 
conglomerate,  there  were  found  fragmentary  remains  of 
dinosaurs  and  the  turtles  below  described.  ♦  ♦  *  These 
beds  are  probably  the  equivalent  of  the  Lance  Creek 
beds. 

Also  in  1910  Gardner"  published  a  paper 
on  ''The  Puerco  and  Torrejon  formations  of 
the  Nacimiento  group,''  which  involved,  inci- 
dentally, the  beds  under  discussion.  He  re- 
corded the  Puerco  as  resting  unconformably  on 
the  ''Laramie"  of  the  region,  as  Brown  had  re- 
ported, and  he  stated  that  at  Ojo  Alamo  he 
"obtained  dinosaurs  from  beds  unconformably 
above  the  'Laramie'  and  below  the  Wasatch." 
These  beds  are,  of  course,  the  Ojo  Alamo  beds 
of  Brown,  and  Gardner's  discovery  tended  to 
establish  the  fact  that  these  dinosaur-bearing 
beds  rest  unconformably  on  the  "Laramie" 
and  are  unconformably  overlain  by  the  Puerco. 

An  expedition  from  the  American  Museum 
of  Natural  History,  under  the  charge  of  W.  J. 

M  Descriptions  of  eight  nevr  species  of  fossil  turtles  from  west  of  the 
one  hundredth  meridian:  U.  S.  Nat.  Mu5.  Proc.,  vol.  38,  pp.  307-326, 
19ia 

»'  Gardner,  J.  H.,  Jour.  Geology,  vol.  18,  pp.  702-741, 1910. 
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Sinclair  and  Walter  Granger,^  spent  the 
season  of  1913  in  collecting  fossils  from  the 
Puerco  and  Torrejon  formations  of  New  Mex- 
ico. Although  these  authors  were  concerned 
mainly  in  procuring  mammal  remains  from 
the  formations  mentioned,  they  recorded  cer- 
tain important  observations  on  the  under- 
lying dinosaur-bearing  or  Ojo  Alamo  beds. 
They  agreed  with  Brown  and  Gardner  in  find- 
ing the  Puerco  resting  with  marked  erosional 
discordance  on  the  underlying  beds.  The  rep- 
tilian and  other  vertebrate  material  procured 
by  Sinclair  and  Granger  from  the  Ojp  Alamo 
beds  was  studied  by  Brown,  whose  report  they 
quoted.  From  this  it  appeaJi;^  that  Brown's 
KrUosaurus  was  regarded  as  generically  iden- 
tical with  Oryposaunis,  described  later  by 
Lambe  *•  from  the  Belly  River  formation  of 
Canada.    Continuing,  Brown  said: 

The  fauna  of  the  Ojo  Alamo  beds  is  certainly  older  than 
that  of  the  Lance,  and  I  have  expressed  the  opinion  that 
it  is  probably  synchronous  with  the  Edmonton.  Krilo- 
§aurus  is  now  known  from  the  Belly  River  beds  and  has 
not  yet  appeared  in  extensive  collections  from  the  Ed- 
monton, and  as  other  reptilian  remains  are  of  primitive 
fades  the  Ojo  Alamo  beds  may  well  be  of  Judith  River  age. 

Sinclair  and  Granger  did  not  attempt  to 
reach  any  decision  concerning  the  age  of  the 
Ojo  Alamo  beds,  though  they  gave  an  alterna- 
tive hypothesis,  as  follows: 

Willis  T.  Lee  favors  a  correlation  of  the  dinosaur  beds 
and  associated  conglomerate  members  with  the  Animas 
formation.  If  the  Animas  is  in  turn  to  be  correlated  with 
the  Lance,  *  *  *  then  the  line  between  Cretaceous 
and  Tertiary  in  the  Ojo  Alamo  region  would  have  to  be 
drawn  *  *  *  not  at  the  unconformity  below  the 
Puerco,  where  the  vertebrate  paleontologist  would  incline 
to  put  it,  but  at  some  level  not  yet  discovered. 

The  probable  correlation  of  the  Ojo  Alamo 
beds  was  suggested  by  me  ••  as  follows: 

The  Puerco  formation  rests  unconformably  on  dinosaur- 
bearing  beds,  beneath  which  is  the  "Laramie"  of  the 

•*  Paleooene  deposits  of  the  San  Juan  Basin,  N.  Mex.:  Am.  llus.  Nat. 
Hist.  Bull.,  vol.  33,  pp.  297-316,  1914. 

»  Lambe,  L.  M.,  Ottawa  Naturalist,  vol.  27,  p.  145, 1914. 

•>  Knoirlton,  F.H.,  Cretaceous-Tertiary  boundary  in  the  Rocky  Moun- 
tiln  region:  Oeol.  Soc.  America  Bull.,  vol.  23,  p.  338, 1914. 


region.  I  have  shown  elsewhere,  however,  that  th 
later  beds  are  undoubtedly  much  older  than  Laramie. 
The  ''Ceratopi  beds,"  inunediately  beneath  those  con- 
taining the  Puerco  fauna,  have  been  practically  traced 
into  the  Animas  formation,  which  Cross  holds  is  of  Denver 
age.  The  Animas  formation  is  now  known  to  extend  east- 
ward to  the  eastern  border  of  the  San  Juan  Basin,  near 
Dulce,  N.  Mex.',  where  it  is  conglomeratic  at  the  base  and 
consists  of  an  andesitic  matrix,  in  which  are  pebbles  of 
many  kinds  of  older  rocks;  above  thii  conglomerate  are 
Ekx^ne  leaves. 

The  last  published  contribution  to  the  geol- 
ogy and  paleontology  of  the  San  Juan  Basin 
was  made  in  1916,  when  four  short  papers  by 
C.  M.  Bauer,  C.  W.  Gihnore,  T.  W.  Stanton, 
and  me  were  issued  under  the  general  caption 
'' Contributions  to  the  geology  and  paleontology 
of  San  Juan  County,  N.  Mex/ '  •*  The  first  paper 
of  the  series,  by  Bauer,  was  entitled  **  Stratig- 
raphy of  a  part  of  the  Chaco  River  valley"  and 
was  based  on  field  work  and  collections  made 
in  1915.  The  thesis  of  Bauer's  paper  he  gave 
as  ''an  attempt  to  set  forth  the  principal  features 
of  the  stratigraphy  in  a  part  of  the  San  Juan 
Basin — to  describe  the  succession  of  strata 
irrespective  of  possible  correlations  and  thereby 
to  establish  a  type  section  for  the  formations 
exposed  and  to  bring  out  their  relations  to  the 
strata  immediately  above  and  below." 

In  the  complex  generally  designated  by 
previous  writers  as  Laramie  Bauer  was  able  to 
differentiate  two  additional  formational  units. 
The  lower  of  these,  called  the  Fruitland  forma- 
tion, rests  conformably  on  the  Pictured  CUffs 
sandstone,  has  a  thickness  of  49  to  275  feet, 
and  contains  the  coal  of  the  region.  Conform- 
ably above  this  formation  is  the  Kirtland  shale, 
with  a  maximum  thickness  of  1,180  feet  and 
including  what  is  called  the  Farmington  sand- 
stone member,  which  reaches  a  thickness  of  455 
feet.  Above  the  Kirtland  is  the  Ojo  Alamo 
sandstone  of  Brown.  The  relation  between 
the  newer  and  older  interpretations  was  shown 
in  the  following  table  : 

«  U.  S.  Oeol.  Survey  Prof.  Paper  98,  pp.  371-353, 1916. 
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Older  inters 
pretatioiiB. 

Waaatch. 


Toirejon. 


Puerco. 


Laramie. 


Bauer,  1916. 


Wasatch. 


Torrejon  and  Puerco. 


Ojo  Alamo  sandstone. 


Kirtland  shale  and  Farmini^tan 
sandstone  member. 


Fruitland  formation. 


Lewis. 


Pictured  Cliffs  sandstone. 


Lewis  shale. 


Mesaverde. 


Mesaverde. 


The  second  paper,  by  Gilmore;  was  entitled 
'^Vertebrate  faunas  of  the  Ojo  Alamo,  Kiri- 
land,  and  Fruitland  formations."  .The  verte- 
brates include  dinosaurs,  turtles,  crocodiles, 
and  fishes,  and  according  to  Oilmore  they  **  are 
found  throughout  these  deposits,  though  they 
appear  to  occur  most  abimdantly  in  the  Ojo 
Alamo  and  the  upper  part  of  the  Kirtland, 
sparsely  in  and  below  the  Farmington  sand- 
stone member  of  the  Kirtland,  and  more 
abimdantly  in  the  Fruitland."  His  conclu- 
sion regarding  their  age  was  as  follows: 

After  a  study  of  the  material  in  the  United  States 
National  Museum  collections  from  this  area,  and  after 
reviewing  the  literature  in  which  specimens  from  these 
formations  have  been  described,  •  I  conclude  that  the 
vertebrate  remains  from  the  Ojo  Alamo,  Kirtland,  and 
Fruitland  formations  show  beyond  all  question  that  they 
pertain  to  a  fauna  or  faunas  distinctly  older  than  that  of 
the  Lance,  and  that  such  evidence  as  there  is  contributes 
to  the  support  of  Brown's  contention  that  the  Ojo  Alamo 
sandstone  is  synchronous  with  the  Judith  River  and  Belly 
River  formations  as  found  in  areas  to  the  north. 

The  third  paper,  by  Stanton,  was  entitled 
^'Nonmarine  Cretaceous  invertebrates  of  the 
San  Juan  Basin"  and  dealt  mainly  with 
brackish  and  fresh  water  species  from  the 
Fruitland  formation,  only  2  of  the  27  recorded 
species  coming  from  the  Kirtland  shale  and 
none  from  the  Ojo  Alamo  sandstone.     A  table 


giving  the  stratigraphic  range  of  these  forms 
was  presented  and  was  discussed  by  Stanton 
as  follows: 

The  distribution  of  the  species  as  exhibited  in  the  table 
may  seem  at  first  glance  to  indicate  that  the  Fruitland 
fauna  is  about  as  closely  related  to  the  Mesaverde  and 
Judith  River  faunas  (which  are  approximately  contem- 
poraneous with  each  other)  as  it  is  to  the  Lance  and 
I^iramie  faunas.  A  closer  analysis  of  the  table,  however, 
will  show  that  most  of  the  species  occurring  or  represented 
by  related  forms  in  the  Mesaverde  and  Judith  River  are 
long-lived  brackish-water  species  which  range  at  least  as 
high  as  the  Laramie.  Melania  iruculpta  belongs  to  this 
class,  for  like  all  the  other  American  Cretaceous  species 
referred  to  Melania  it  is  invariably  associated  with 
brackish- water  forms.  The  only  two  Fruitland  species 
with  an  outside  distribution  which  do  not  elsewhere 
range  into  the  higher  formations  are  Modiola  UiHcostata, 
from  the  Mesaverde,  and  Goniohasiaf  mbtortuoia,  from 
the  Judith  River.  With  fresh-water  species,  especially 
those  belonging  to  the  genus  Unio,  the  case  is  different. 
The  majority  of  the  identical  and  closely  related  species 
are  found  in  the  Laramie,  the  so-called  ''Lower  Laramie'' 
of  southern  Wyoming,  and  the  Lance  and  do  not  range 
below  these  formations.  It  is  my  opinion,  therefore',  that 
the  invertebrate  evidence  as  a  whole  favors  the  assign- 
ment of  the  Fruitland  formation  to  an  epoch  considerably 
later  than  Mesaverde  and  Judith  River  and  possibly  some- 
what eariier  than  Lance.  If  due  weight  is  given  to  the 
known  stratigraphic  relations  and  to  the  faunal  evidence 
from  the  underlying  formations,  the  Fruitland  can  hardly 
be  older  than  Fox  Hills,  and  the  sequence  from  the  base  of 
the  Fruitland  up  to  the  top  of  the  Ojo  Alamo,  which  is 
conformable,  according  to  Mr.  Bauer,  may  include  the 
equivalents  of  everything  from  the  Fox  Hills  to  the  Lance 
inclusive. 

In  my  paper,  on  the  ''Flora  of  the  Fruitland 
and  Kirtland  formations/'  the  flora  was  dis- 
cussed as  follows: 

Of  the  40  forms  making  up  the  known  flora  of  the  Fruit- 
land and  Kirtland  formations,  16  have  been  found  in  other 
areas,  and  the  list  brings  out  the  fact  ^at  no  less  than  15  of 
these  forms  are  known  to  occur  in  the  Montana.  A  further 
analysis  of  the  list  shows  that  12  of  the  15  forms  occur  in  the 
Vermejo  formation  of  Colorado  and  New  Mexico,  10  occur 
in  the  Mesaverde,  or  rocks  of  about  this  age,  in  Wyoming 
and  elsewhere,  and  6  species  are  common  to  both  these 
areas.  ,  On  the  basis  o{  this  showing  the  conclusion  seems 
justified,  therefore,  that  the  Fruitland  and  Kirtland  for- 
mations are  of  Montana  age.    i 

The  material  in  a  single  small  collection  from 
the  Ojo  Alamo  beds  was  so  fragmentary  that 
it  could  not  be  identified  with  satisfaction. 
Concerning  it  I  said: 

It  includes  portions  of  a  large  leaf  of  unknown  affinity,  a 
small  willow-Uke  leaf,  and  a  laige  leaf  that  appears  to  be 
an  Aralia  of  the  type  of  Aralia  notata  Lesquereux,  a  species 
very  abimdant  and  widely  distributed  in  the  Fort  Union 
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formation.  Nothing  like  this  has  been  noted  in  the 
underlying  beds,  and  to  a  certain  extent  it  aigues  for  the 
Tertiary  age  of  the  Ojo  Alamo  beds,  though  obviously 
the  evidence  is  not  strong.  For  the  present,  therefore,  the 
dictum  based  on  the  evidence  of  the  fossil  vertebrates  that 
these  beds  can  not  be  separated  from  the  underlying  beds 
must  be  accepted,  though  the  writer  can  not  escape  the 
impression  that  they  may  ultimately  be  shown  to  be  of 
Tertiary  age. 

From  the  above  exposition  it  appears  that 
the  plants  and  vertebrates  are  in  substantial 
agreement  in  indicating  a  Montana  age  (Mesa- 
verde  or  Judith  River  position)  for  the  beds 
previously  considered  referable  to  the  Laramie, 
whereas  the  invertebrates  are  interpreted  as 
*' indicating  an  epoch  considerably  later  than 
Mesaverde  and  Judith  River  and  possibly 
somewhat  earlier  than  Lance/' 

"LABAMOE"  IN  WESTERN  TEXAS  AND  NOBTHXBN 

MEXICO. 

WESTERN   TEXAS. 

The  extreme  desirability  of  establishing  a 
connection  between  the  late  Cretaceous  and 
early  Tertiary  section  of  the  great  interior 
region  and  the  well-authenticated  marine  sec- 
tion of  the  Gulf  coast  region  has  long  been 
recognized.  The  Laramie  in  particular  was 
one  of  the  stratigraphic  units  characteristic  of 
the  Rocky  Mountain  region  that  it  was  hoped 
might  sometime  be  brought  into  harmony  with 
the  marine  succession  of  the  Coastal  Plain. 
C.  A.  White,  who  had  taken  so  large  a  part  in 
the  exploitation  of  the  Laramie  and  who  was 
more  or  le^s  familiar  with  both  these  areas,  was 
especially  desirous  of  establishing  such  a  rela- 
tion.    In  an  article  published  in  1888  "  he  says: 

During  the  12  years  preceding  the  autumn  of  1887,  in 
which  I  had  made  extensive  studies  and  observations  con. 
coming  the  I.4uumie  group,  I  was  never  able  to  obtain  any 
pen;)nal  knowledge  of  the  actual  stratigraphic  relation  of 
that  group  to  any  of  the  marine  Tertiary  groups  which 
border  various  {Nirtious  of  North  Ameri(;a. 

He  then  wrote  of  having  studied  the  Laramie 
from  the  State  of  Nuevo  Leon,  Mexico,  on  the 
south,  to  northern  Montana  on  the  north,  and 
added  that  within  this  vast  region 

wh(?n)Vf*r  any  strata  were  found  resting  upon  the  Laramie 
thfty  wf»n»  always  Xhotm  of  the  great  fresh-water  Tertiary 
m»r'uin;  but  I  hud  nr>t  thon  traced  the  Laramie  into  a  district 
within  which  marine  Tertiary  strata  were  known  to  exist. 
Tliat  in,  in  tracing  th<*  Laramie  into  Mexico  I  had  followed 


«  WhiU),C.  A .,  On  tho  relntloii  of  tho  Laramio  Rroiip  to  earlier  and  later 
formatlont:  Am.  Jotir.  Hd.,  3d  mt.,  vol.  36,  pp.  433-438, 1888. 


the  trend  of  that  formation  from  the  north  and  thus 
passed  to  the  westward  of  the  outcrops  of  the  Gulf 
Tertiaries. 

In  1884  Prof.  £.  D.  Cope  ^  announced  that  he  had 
found  "the  Claiborne  beds  resting  immediately  upon  the 
Laramie  at  Laredo,"  Tex.,  but  he  then  mentioned  no 
correlated  facts  in  support  of  this  important  annoimce- 
ment,  and,  so  far  as  I  am  aware,  none  have  since  been  % 
published.  The  known  southeastward  trend  of  the  Lar- 
amie and  the  circling  and  therefore  converging  trend  of  the 
Gulf  series  of  formations  made  it  evident  that  the  district 
traversed  by  the  lower  Rio  Grande  would  be  found  to  be 
the  most  promising  field  in  which  to  search  for  the  strati- 
graphical  relation  between  the  I^aramie  and  the  Eocene 
Tertiary.  With  this  object  in  view,  I  last  autumn  visited 
that  region  and  had  the  satisfaction  of  confirming  the 
observation  previously  made  by  Prof.  Cope. 

Starting  at  Eagle  Pass,  Tex.,  I  proceeded  down  upon 
the  Texan  side  of  the  valley  of  the  Rio  Grande  to  Laredo, 
making  observations  by  the  way.  The  strata  representing 
the  Fox  Hills  group  of  the  western  section  and  the  Ripley 
group  of  the  eastern  were  found  to  dip  gradually  in  the 
direction  of  the  course  of  the  river  and  to  receive  those 
of  the  Laramie  group  upon  them,  the  older  strata  passing 
finally  from  view  in  that  direction. 

The  strata  which  are  exposed  in  the  bluffs  along  the 
left  bank  of  the  Rio  Grande  from  25  to  30  miles  above 
Laredo  and  which  bear  one  or  more  workable  beds  of  coal 
there  are  referred  confidently  to  the  Laramie,  although 
they  afforded  me  only  a  few  imperfect  fossils.  These 
strata  dip  gradually  to  the  southeastward,  or  approximately 
in  the  direction  of  the  river's  course,  and  disappear  be- 
neath the  sandy  strata  of  the  Eocene  Tertiary  some  10 
or  12  miles  above  Laredo.  Below  this  and  all  around 
Laredo  the  strata  which  I  found  exposed  are  of  Eocene 
age,  and  in  many  places  they  bear  an  abimdance  of 
characteristic  fossils. 

While  I  have  no  doubt  as  to  the  Laramie  age  of  the 
strata  referred  to,  which  I  observed  on  both  sides  of  the 
Rio  Grande,  and  none  as  to  the  Eocene  age  of  the  strata 
which  I  foimd  overlying  them,  I  am  by  no  means  certain 
that  the  lowermost  strata  which  I  found  resting  upon 
the  Laramie  near  Laredo  represent  the  lowermost  strata 
of  the  Eocene  division  of  the  Gulf  series.  Indeed,  so 
far  as  I  could  discover,  no  equivalent  of  the  ''Northern 
Lignite,"  the  lowermost  member  of  the  Eocene  of  Hilgard*p 
Idississippi  section,  -  exists  in  the  region  rotmd  about 
Laredo,  unless  the  coal-bearing  strata  of  the  upper  portion 
of  the  Laramie  are  really  its  equivalent.  I  am  disposed 
to  accept  this  view  of  the  case  and  to  regard  the  Northern 
Lignite  of  the  Mississippi  section  and  its  equivalent 
elsewhere,  including  the  uppermost  strata  of  the  Laramie, 
as  really  of  Eocene  age. 

The  view  above  expressed  was  entertained 
by  White  when  he  pubUshed  his  correlation 
paper  on  the  Cretaceous  in  1891.**    He  said: 

The  Laramie  formation  prevails  over  a  large  part  of  the 
Great  Interior  area,  but  within  the  Texas  region  it  has 
been  recognized  6n\y  in  western  Texas,  and  it  Ims  hitherto 


MCope,  E.  D.,  Am.  Philos.  Soc.  Proc.,  vol.  3,  p.  615, 18M. 
•«  White,  C.  A.,  U.  8.  Oeol.  Survey  BuU.  81,  p.  HT,  ISOL 
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been  observed  there  <Hily  in  the  valley  of  the  Rio  Grande 
and  in  that  of  the  Nuecea  River,  but  there  seems  to  be  lit- 
tle room  for  doubt  that  the  lignite  beds  of  eastern  Texas, 
as  well  as  thoee  of  the  State  of  MissiBsippi,  which  are 
usually  regarded  as  of  early  Eocene  age,  are  really  equiva- 
lent to  the  upper  part  of  the  Laramie.         ^ 

The  presence  of  the  Laramie  formation  in 
western  Texas,  so  confidently  proclaimed  by 
White,  has  not  been  confirmed  by  subsequent 
workers  in  this  field;  in  fact,  in  the  year  fol- 
lowing the  publication  of  his  paper  above 
mentioned,  Penrose  •*  in  a  way  laid  the  foun- 
dation for  a  quite  different  interpretation  of 
the  section.  In  speaking  of  the  Cretaceous 
along  the  Rio  Grande  he  said : 

It  may  be  said,  however,  that  Cretaceous  fossils  have 
been  found  at  Eagle  Pass,  and  from  there  down  the  river 
to  the  Webb  County  line  are  found  great  quantities  of  am- 
monites and  other  fauna  of  that  epoch.  In  fact,  it  is  not 
until  we  reach  a  point  3  miles  below  the  northwest  comer 
of  Webb  County  that  true  Tertiary  (or  Laramie)  forms  are 
found. 

In  1892  Dumble**  studied  this  same  section, 
concerning  which  he  wrote  as  follows: 

From  this  point  [10  miles  below  Eagle  Pass]  to  the  falls 
of  the  Rio  Grande,  just  above  the  Webb  County  line,  the 
exposures  are  but  repetitions  one  of  another — brown,  buff, 
blue,  or  green  clays,  with  sandstones,  sometimes  friable 
and  sometimes  so  indurated  as  to  be  eemiquartzites. 
Abundant  fossils,  consiting  of  ammonites  (Placenticeras), 
oysters,  and  gastropods,  are  found.  The  rapids  (or  falls  of 
th^  Rio  Grande),  which  continue  almost  to  the  line  be- 
tween the  two  counties,  are  formed  by  the  edges  of  some  of 
these  ammonite-bearing  beds  as  they  pass  below  water 
level.  From  this  point  to  the  Webb  Bluff,  a  distance  of  3 
miles,  no  fossils  were  found;  but  there  was  no  change  in 
the  lithologic  character  of  the  rock  materials,  nor  could 
the  clays  at  the  base  of  the  Webb  Bluff  section  be  distin- 
guished in  any  way  from  those  observed  at  the  rapids 
above.  ♦  ♦  ♦  We  have,  therefore,  only  3  miles  in 
which  there  can  be  any  room  for  deposits  intermediate  be- 
tween strata  containing  fossils  of  recognized  and  decisively 
Cretaceous  forms  and  those  containing  marine  Eocene 
forms.  The  average  dip  does  not  exceed  100  feet  per 
mile,  and  we  saw  nothing  in  any  of  the  exposures  on 
either  bank  of  the  river  in  this  space  to  indicate  a  change 
until  we  reached  Webb  Bluff  itself. 

In  1900  Vaughan,*^  in  a  paper  entitled  ^'Re- 
connaissance in  the  Rio  Grande  coal  fields  of 
Texas,"  discussed  the  Cretaceous-Eocene  con- 
tact along  the  Rio  Grande.  He  agreed  with 
White,  Penrose,  and  Dumble  that  there  is  no 
sharp  lithologic  line  between  the  Cretaceous 

^  Peorote,  R.  A.  F.,  Jr.,  Texas  Geol.  Survey  First  Ann.  Rept.,  pp, 
38-41, 1889. 
«  Dumble,  E.  T.,  Geol.  Soc.  America  Bull.,  vol.  3,  pp.  228,  229,  1892. 
«  Vaufhan,  T.  W.,  U.  S.  Oeol.  Survey  Bull.  160,  pp.  35  et  seq.,  1900. 


and  Eocene;  in  fact,  no  actual  contact  had 

been  discovered  up  to  that  time.     Vaughan 

added : 

The  principal  result  of  the  writer's  work  on  the  Rio 
Grande  waa  in  proving  the  existence  of  Eocene  fossils 
some  3  or  4  miles  above  the  Webb-Maverick  county  line, 
6  or  7  miles  above  where  Penrose  and  Dumble  first  found 
such  fossils.  The  fossils  obtained  here  are  typical  lower 
Eocene. 

In  1911  Dumble  ••  published  additional  re- 
marks on  the  Cretaceous-Eocene  contact  along 
the  Rio  Grande,  in  which  he  stated  that  the 
contact  is  **well  shown  below  Tofo  Colorado, 
just  above  the  falls  of  the  Rio  Grande  and  on 
Caballero  Creek.'' 

In  the  fall  of  1912  L.  W.  Stephenson  •»  made 
investigations  in  Maverick  County,  Tex.,  which, 
he  said,  ^^  resulted  in  the  exact  determination  of 
the  Cretaceous-Eocene  contact  along  the  river 
[Rio  Grande]  and  the  approximate  determina- 
tion of  the  outcrop  of  the  contact  northward 
through  the  county."  He  found  the  contact  at 
a  point  on  the  Rio  Grande  below  White  Bluff, 
about  5  miles  above  the  Webb  County  line.  At 
this  point  the  undoubted  Upper  Cretaceous 
beds,  known  as  the  Escondido  formation,  are 
overlain  unconformably  by  undoubted  marine 
Eocene,  the  contact  between  them  being  sharp 
and  slightly  undulating. 

The  results  above  set  forth  appear  to  settle 
conclusively  the  fate  of  the  Laramie  of  western 
Texas  as  advocated  by  White.  The  highest 
Cretaceous  beds  of  the  region  are  known  as  the 
Escondido  formation  and  correspond  approxi- 
mately to  the  Fox  Hills  of  the  Rocky  Moun- 
tain area  and  the  Ripley  formation  of  the  Gulf 
coast.  Above  the  E^scondido  formation  are 
the  beds  referred  by  White  to  the  Laramie,  but 
all  recent  workers  in  the  field  agree  that  they 
are  undoubtedly  Eocene.  The  lowest  is  the 
Midway  formation,  above  which  is  the  Wilcox 
formation,  which  in  turn  is  overlain,  at  least  in 
certain  areas,  by  the  Claiborne  or  upper  Eocene. 

NORTHERN   MEXICO. 

So  far  as  I  know  C.  A.  White  was  the  first  to 
announce  that  the  Laramie  is  present  in  north- 
ern Me^co,  a  conclusion  which  of  course  fol- 
lowed from  his  supposed  identification  of  this 

•>  Dumble,  E.  T.,  Rodiscovery  of  some  Conrad  forms:  Science,  newser., 
vol.  33,  p.  971,  I91I. 

«  Stephenson,  L.  W.,  The  Cretaceous-Eocene  contact  in  the  Atlantic 
and  Oulf  Coastal  Plain:  U.  S.  Qeol.  Survey  Prof.  Paper  90,  pp.  155-182, 
1915.  ^ 
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horizon  along  the  Rio  Grande  in  adjacent 
Texas.  In  a  paper  published  in  1883  ^*  he 
mentioned  a  small  collection  of  invertebrates 
obtained  at  a  point  about  7^  miles  northwest 
of  Lampazos,  in  the  State  of  Nuevo  Leon.  He 
enumerated  seven  species,  as  follows: 

Ostrea  wyomingensis  Meek. 

Anomia  micronema  Meek. 

Modiola  regularis  WJdte? 

Corbula  subundifera  White. 

Corbicula  cytheriformis  Meek  and  Hayden? 

Odontobasis  buccinoides  White. 

Melania  wyonlingeiisiB  Meek. 

Concerning  these  invertebrates  White  said : 

This  Mexican  collection,  so  far  as  it  goes,  is  an  almost 
exact  duplication  of  the  Laramie  molluscan  fauna  of  the 
Bitter  Creek  seri^Bs  as  found  at  Bock  Springs,  Point  of 
Rocks,  and  Black  Buttes,  in  southern  Wyoming,  points 
which  are  more  than  a  thousand  miles  north  of  the  Mexican 
locality. 

The  collection  of  invertebrates  above  listed 
is  not  now  known  to  be  in  existence,  but 
other  similar  material,  collected  later  at  or 
near  the  same  locality  by  White,  is  preserved 
in  the  United  States  National  Museum.  I 
am  informed  by  T.  W.  Stanton,  in  whose 
custody  this  material  now  is,  that  he  does  not 
accept  all  these  identifications  as  being  cor- 
rect, and  further,  certain  of  the  species  have 
so  great  a  known  vertical  range  as  to  render 
them  of  slight  stratigraphic  value.  The  com- 
parisons that  White  made  between  the  Mex- 
ican specimens  and  the  fauna  of  the  ''Bitter 
Creek  series''  shows  that  at  least  two  horizons 
were  then  confused  as  Laramie. 

In  1888,  in  an  article  already  mentioned. 
White  ^^  again  referred  to  this  Mexican  locality, 
writing  as  follows: 

Going  westward  from  Laredo  to  Lampazos  in  Mexico 
I  was  able  to  recognize  the  Eocene  strata  for  a  distance  of 
about  20  miles,  beyond  which  the  underlying  rocks  are 
so  fully  obscured  by  the  d6bris  of  the  plain  that  no  ex- 
posures were  observed  until  the  neighborhood  of  Lam- 
pazos was  reached.  The  known  presence  of  Laramie 
strata  a  few  miles  to  the  northward  of  Lampazos,  which 
bear  characteristic  molluscan  fossils  of  that  formation, 
however,  leaves  no  room  for  doubt  that  the  Laramie  is 
overlaid  by  the  Eocene  upon  the  Mexican  side  of  the 
Rio  Grande,  just  as  it  is  upon  the  Texan  side. 


ra  White,  C.  A.,  Late  observationa  concerning  the  molluscan  fauna  and 
the  geographical  extent  of  the  L<aramie:  Am.  Jour.  Sci.,  3d  ser.,  vol.  25, 
pp.  207-309,  1883. 

n  White,  C.  A.,  On  the  relation  of  the  Laramie  group  to  earlier  and 
later  formations:  Am.  Jour.  8ci.,  3d  ser.,  v(4.  35,  p.  433, 1888. 


This  view  was  still  entertained  by  White" 
when  he  published  his  correlation  essay  in 
1891,  for  we  find  him  saying: 

The  Laramie,  which  is  such  an  important  forpoation  in 
the  two  interior  regions,  is  also  an  important  one  in  the 
north  Mexican  region,  especially  in  the  States  of  Chi- 
huahua, Goahuila,  and  Nuevo  Leon.  Its  presence  in 
the  first-named  State  has  just  been  mentioned,  and  it  is 
also  well  developed  in  the  Sabinas  Valley,  in  CoahuiU, 
wher^  it  is  an  important  coal-bearing  formation. 

It  has  also  been  recognized  by  its  characteristic  fossils 
as  far  south  as  the  vicinity  of  Lampazos,  in  the  State  of 
Nuevo  Leon.  In  this  State,  near  to  the  Rio  Grande,  as 
well  as  on  the  Texan  side  of  that  river,  it  has  been  found 
to  rest  upon  the  equivalent  of  the  Eagle  Pass  beds  and  in 
turn  to  pass  by  a  gentle  southerly  dip  beneath  the  marine 
Eocene  beds  which  occur  there. 

The  stratigraphic  relation  of  the  Laramie  to  the  im- 
mediately underlying  Cretaceous  formation  is  quite  as 
intimate  in  the  north  Mexican  region  as  it  is  elsewhere. 
The  two  formations  appear  to  have  been  the  result  of  con- 
tinuous sedimentation,  their  interdelimitation  being 
markfMi  only  by  a  matmal  change  in  the  paleontologic 
character  of  the  strata. 

For  a  decade  or  more  after  the  above- 
recorded  investigations  by  White  compara- 
tively little  work  bearing  on  the  question  under 
consideration  was  done  in  northern  Mexico. 
As  late  as  1005|  however,  the  Mexican  geolo- 
gists appear  to  have  followed  White  in  recog- 
nizing the  presence  of  Laramie.  Hius  Agui- 
lera/'  in  discussing  the  stratigraphy  and  struc- 
ture of  the  State  of  Coahuila,  accepted  the 
Laramie  and  described  it  as  consisting  of  glau- 
conitic  sandstones  with  impressions  of  plants 
and  silicified  wood.  He  placed  it  as  equiva- 
lent to  the  upper  part  of  his  Esperanzas  beds 
and  above  what  has  been  called  Eagle  Pass 
formation  in  the  Texan  section. 

E.  T.  Dumble  has  published  several  papers 
on  the  geology  of  northern  Mexico,  though  re- 
lating mainly  to  the  Tertiary  part  of  the  sec- 
tion. In  one  '*  he  wrote  of  having  traced  the 
Cretaceous-Tertiary  contact  from  Caballero,  on 
the  Rio  Grande,  to  Rainones,  40  miles  east  of 
Monterey.  The  uppermost  Cretaceous  strata 
he  referred  to  the  Escondido  formation. 

The  conclusions  reached  concerning  the  pres- 
ent disposition  of  the  beds  in  western  Texas 


»  White,  C.  A.,  CorrelaUon  papers — Cretaceous:  U.  8.  Oeol.  Survey 
Bull.  82,  pp.  138  et  seq.,  1801. 

'*  Aguilera,  J.  O.,  Les  gisemenU  carbouif&res  de  Coahulla:  Cong.  gtel. 
mtemat.,  10*  sess.,  Guide  des  excursions,  Mexico,  No.  37,  pp.  1-17, 1900 
[1907]. 

71  Dumble,  E.  T.,  Tertiary  deposits  of  northeastern  Mexico:  Science, 
new  ser.,  vol.  33,  pp.  232-238, 1911. 


HISTORICAL  REVIEW  OF  THE  LARAMIE  PROBLEM. 


77 


that  were  formerly  referred  to  the  Laramie 
apparently  apply  with  equal  force. to  the  simi- 
lar beds  in  adjacent  Mexico.  That  is  to  say, 
there  is  every  reason  to  believe  that  the  Eocene 
beds  immediately  above  the  Cretaceous  line, 
which  on  the  Texas  side  of  the  Rio  Grande  are 
referred  to  the  Midway,  continue  without  much 
if  any  change  to  the  Lampazos  region,  in  the 
the  State  of  Nuevo  Leon.  Similarly,  the  beds 
in  the  coal-bearing  area  of  northern  Coahuila, 
south  of  Eagle  Pass,  are  presumably  the  same 
as  or  similar  to  the  coal-bearing  series  in  the 
Eagle  Pass  region  along  the  Rio  Grande.  Ac- 
cording to  my  knowledge  and  belief  the  Lara- 
mie is  not  present  in  Mexico,  or  if  there  its 
presence  must  be  demonstrated  according  to 
modem  standards  established  for  the  recogni- 
tion of  this  formation. 

JUDITH  BIVIB  FORMATION. 

The  Judith  River  beds,  in  the  vicinity  of  the 
mouth  of  Judith  River,  Mont.,  have  been  the 
subject  of  prolonged  discussion  and  difference 
of  opinion,  and  even  at  the  present  time  there 
are  some  geologists  who  do  not  consider  the 
question  of  age  conclusively  settled.  As  this 
question  comes  only  incidentally  into  the  pres- 
ent discussion,  it  is  not  necessary  to  go  freely 
into  the  early  history  of  opinion,  especially  as 
this  has  been  so  thoroughly  covered  up  to  1905 
by  Stanton  and  Hatcher." 

At  first  Leidy's  studies  of  the  vertebrates  in- 
clined him  to  refer  these  beds  to  the  Jurassic 
(Wealden).  The  invertebrates  then  known 
(1856)  proved  very  puzzling.  At  one  time  they 
were  considered  by  Meek  and  Hayden  as  possi- 
bly lowest  Cretaceous,  though  they  were  de- 
scribed as  Tertiary,  and  ultimately  Meek  con- 
sidered it  highly  probable  that  they  are  Cre- 
taceous. Marine  beds  immediately  below  the 
Judith  River  beds  were  identified  as  Fox  Hills, 
and  the  beds  immediately  above  as  Fort 
Union.  Cope,  in  1875,  from  his  extensive 
studies  of  the  vertebrates,  referred  the  beds  to 
the  uppermost  Cretaceous  but  stated  that  the 
fauna  has  ''some  Tertiary  affinities."  By  the 
time  the  Laramie  was  established  by  King,  it 
had  come  to  be  generally  accepted  that  the 
Judith  River  beds  were  stratigraphically  and 

v* Stanton,  T.  W.,  and  Hatcher,  J.  B.,  Geology  and  paleontology  of 
the  Judith  River  beds:  U.  S.  Qeol.  Survey  Bull.  257,  1905. 


paleontologically  in.  the  proper  position  de- 
manded by  the  definition  of  the  Laramie,  and 
hence  we  find  C-  A.  White  '•  referring  to  them 
as  one  of  the  subordinate  groups  or  regional 
divisions  of  this  group,  as  it  was  then  called. 
He  said  (p.  865) : 

The  proof  of  the  identity  of  these  widely  separated 
portions  of  the  Laramie  group  consists  in  the  recognition 
of  various  species  of  fossil  moUusks  in  jail  of  them  that 
are  found  in  some  one  or  more  of  the  others,  thus  con- 
necting the  whole  by  faunal  continuity. 

So  far  as  the  Judith  River  is  concerned  the 
above  disposition  was  consistently  held  by 
White  in  all  his  subsequent  publications,  and 
the  subject  continued  practically  without  essen- 
tial change  until  1905,  when  Stanton  and 
Hatcher  published  the  paper  abov^  mentioned. 
As  the  result  of  their  studies  in  the  origin$l 
Judith  River  area,  as  well  as  in  adjacei^t  areas 
in  northern  Montana  and  along  Milk  River  in 
Canada,  they  reached  the  conclusion  that  the 
Judith  River  formation  is  of  Montana  age  and 
the  equivalent  of  the  Belly  River  beds  of 
Canada.  Their  stratigraphic  results  and  cor- 
relations are  displayed  graphically  in  the  fol- 
lowing section : 


South  Dakota. 

Central  and  northern  Montana. 

Laramie. 
Fox  Hills. 

Laramie  (?). 

Fox  Hills  (?). 

Pierre. 

Bearpaw. 
Judith  River. 
Claggett. 
Ea^e. 

The  Fox  Hills  and  Laramie  formations  were 
not  definitely  identified  by  them  in  Montana. 

The  above  interpretation  regarding  the 
Judith  River  was  brought  in  question  by  A.  C. 
Peale  "  in  a  long  article  published  in  1912,  in 
which  he  contended  that  there  are  two  forma- 
tions  lithologically  similar  that  have  been  con- 
fused, one  being  in  the  position  of  the  Belly 
River  and  preferably  to  be  called  by  that  name, 
and  the  other — the  real  Judith  River — being 
later  than  Fox  Hills  and  probably  to  be  re- 

7«  U.  S.  Qeol.  and  Geog.  Survey  Terr.  Bull.,  vol.  4,  p.  721, 1878. 
7'  On  the  stratigraphic  position  and  age  of  the  Judith  River  formation : 
Jour.  Geology,  vol.  20,  pp.  530-540,  640-&52,  738-757,  1912. 
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garded  as  equivalent  to  the  lower  part  of  the 
Lance  formation. 

Peale's  view  was  essentially  sustained  by 
Charles  H.  Sternberg,  in  a  short  paper  pub- 
lished in  Science  for  July  25,  1914,  based  on 
the  recollection  of  30  years  before,  when  he 
bad  assisted  Cope  in  collecting  the  vertebrate 
forms  that  later  came  into  prominence  in  con- 
nection with  this  problem.  In  1914,  however, 
Sternberg  again  visited  the  region  about  the 
mouth  of  Judith  River  and  completely  reversed 
bis  conclusions  as  to  the  Tertiary  age  of  the 
beds  in  question.'* 

The  latest  and  most  authoritative  statement 
is  that  published  by  C.  F.  Bowen  '•  in  1915, 
which  presented  the  result  of  several  seasons' 
work  in  this  and  adjacent  areas.  In  general 
Bowen  agreed  with  the  statements  of  Stanton 
and  Hatcher,  namely,  that  the  Judith  River  is 
the  equivalent  of  the  Belly  River  of  Canada 
and  is  of  Montana  age.  He  recognized,  how- 
ever, that  there  was  possibly  some  mixing  of 
horizons  in  the  earlier  collections  of  vertebrate 
remains,  as  I  pointed  out*"  in  regard  to  the 
turtles,  and  said  that  to  this  mav  be  due  the 
confusion  that  has  resulted.  Bowen  wrote  as 
follows : 

The  extensive  faulting  that  has  disturbed  the  strata 
along  Missouri  River  renders  it  possible,  though  it  is  not  ex- 
tremely probable,  that  blocks  of  the  Lance  formation  may 
be  faulted  down  among  the  beds  of  Judith  River  age  and 
that  some  of  the  vertebrates  collected  by  Hayden  and 
others  "from  the  badlands  of  the  Judith"  may  have  been 
obtained  from  the  Lance  formation  instead  of  the  Judith 
River  formation,  as  they  supposed. 

The  results  obtained  by  Bowen,  as  set  forth 
above,  were  essentially  duplicated  by  Stebin- 
ger**  ill  his  work  farther  west  in  Montana, 
though  he  did  not  find  it  possible  to  recognize 
all  the  units  present  at  the  mouth  of  Judith 
River. 

It  therefore  seems  settled  that  the  Judith 
River  formation  is  not  to  be  regarded  as  of 
Laramie  age. 

y*  Science,  new  ser.,  vol.  42,  p.  131,  1915. 

'*  Bowen,  C.  V.,  The  Ntrfttigrftphy  of  the  Montana  group,  with  special 
reference  to  the  position  and  age  of  the  Judith  River  formation  in  north- 
central  Montana:  V.  H.  Ceol.  Survey  Prof.  Paper  00,  pp.  95-153,  1015. 

M  Knowlton,  K.  II.,  KemarkM  op  the  fossil  turtles  accredited  to  the 
Judith  River  formation:  WaKhington  Acad.  (;^ci.  Proc.,  vol.  13,  pp.  51-45, 
1011.  »  " 

"  Btebinger,  Kugene,  The  Montana  group  of  northwestern  Montana: 
i:.  H.  (ieol.  Hurvey  Prof.  Paper  tp^pp.  OMW,  lOM. 


BXAB  SIVSB  70BMATI0N. 

The  Bear  River  formation,  as  it  is  now  called, 
has  given  rise  to  almost  as  much  discussion  and 
difference  of  opinion  as  the  Judith  River  forma- 
tion, just  mentioned.  It  comprises  a  series  of 
purely  fresh-water  strata  of  considerable  areal 
extent,  mainly  in  the  valley  of  Bear  River  in 
southeastern  Wyoming  and  adjacent  Idaho. 
With  the  exception  of  a  few  unidentifiable  frag- 
ments of  dicotyledonous  leaves  and  a  single 
species  of  Chara — a  fresh-wat^  alga — its  only 
paleontologic  contents  known  are  numerous 
invertebrates  of  fresh-water  types  and  a  few 
brackish-water  forms.  On  account  of  the  sup-^ 
posed  affinities  of  these  invertebrates  the  beds 
containing  them  were  at  first,  in  1860,  and  for 
many  years  thereafter  referred  with  little  hesi- 
tation to  the  Tertiary.  Then,  as  certain  differ- 
ences came  to  be  detected,  it  was  hinted  by 
Meek  and  others  that  the  age  might  possibly  be 
latest  Upper  Cretaceous  instead  of  Tertiary, 
and  when  the  Laramie  was  promulgated  the 
Bear  River  beds  were  immediately  mapped  by 
King  and  others — in  this  convenient  catchall. 
They  came  later  to  be  known  as  the  *'Bear 
River  Laramie.*' 

In  1891  T.  W.  Stanton  •'  was  able  to  show 
that  this  formation,  previously  considered  to 
be  of  Laramie  or  later  age,  is  in  reality  interme- 
diate between  the  Jurassic  and  the  Colorado 
Cretaceous.  Of  its  thirty  or  more  species  of 
invertebrates  none  have  been  found  in  the  true 
Laramie.  Thus  another  supposed  Laramie 
area  has  been  eliminated.  The  complete  his- 
torical summary  of  opinion  regarding  the  Bear 
River  formation  may  be  found  in  two  papers 
by  C.  A.  White,"  published  in  1892  and  1895, 
to  which  the  reader  desiring  further  details  is 
referred. 

PRESENT  USAGE  OF  THE  TERM  LARAMIE. 

The  term  Laramie,  as  originally  established 
by  King,  seemed  to  have  a  very  definite  sig- 
nification and  delimitation,  but  during  the  40 
years  after  it  was  first  defined  it  had  come, 

•>  The  stratigraphic  position  of  the  Bear  River  formation:  Am.  Jour. 
8d.,  3d  ser.,  vol.  43,  p.  98,  1892. 

»  On  the  Bear  River  formation,  a  series  of  strata  hitherto  kno«:n  as 
the  Bear  River  Laramie:  Am.  Jour.  Sci.,  3d  ser.,  vol.  43,  pp.  91-97, 1892; 
The  Bear  River  formation  and  its  characteristic  fauna:  U.  S.  Qeol.  Sur- 
vey Bull.  128,  1895. 
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througb  faulty  interpretation,  mistaken  strati- 
graphic  identification,  and  general  looseness  of 
application,  to  have  a  somewhat  varying  and 
vicarious  usage.  It  was  undoubtedly  estab- 
lished by  King  as  a  formational  term,  although, 
owing  to  lack  of  definiteness  in  stratigraphic 
nomenclature  current  then  and  later,  it  was 
sometimes  alluded  to  as  the  "Laramie  group," 
the  "Laramie  series,"  etc.  [  As  an  instance  of 
this  latitude  in  the  usage  of  the  term,  mention 
may  be  made  of  a  recent  textbook  of  geology, 
in  which  "Laramie  series"  is  applied  to  all  the 
beds  between  the  Montana  and  the  Fort 
Union,  while  "Upper  Laramie"  and  "Lower 
Laramie"  or  "Laramie  proper"  are  applied, 
respectively,  to  the  beds  above  and  below  the 
unconformity  first  shown  by  Cross  to  exist  in 
the  Denver  Basin.  It  has  been  and  indeed  to 
some  extent  still  is  the  custom  among  vertebrate 
paleontologists  to  employ  Laramie  as  a  group 
term,  applying  it  collectively  to  the  beds  con- 
taining the  well-known  ceratopsian  fauna,  such 
as  the  Arapahoe,  Denver,  and  Lance.  In  the 
Canadian  provinces  Laramie  is,  used  practically 
as  it  was  established  by  Dawson,  Tyrrell,  and 
others,  namely,  as  a  group  term  including  the 
Edmonton  (lower)  and  Paskapoo  formations. 
The  Edmonton  is  sometimes  called  "Lower 
Laramie,"  and  the  Paskapoo  "LTpper  Laramie." 
"^  In  the  present  work  the  usage  established 
in  the  United  States  Geological  Survey  is 
followed.  Laramie  is  considered  as  a  forma- 
tional term,  and  the  Laramie  formation  is 
defined  in  accordance  with  the  original  defini- 
tion of  King,  namely,  as  the  uppermost  member 
of  the  conformable  Cretaceous  series  above  the 
Fox  Hills.  This  usage  not  only  brings  the 
term  into  harmony  with  the  original  application 
but  places  it  in  accord  with  most  recent  inter- 
pretation and  obviates  the  confusion  anfl 
looseness  that  must  inevitably  result  from  using 
it  as  a  group  term.  If,  as  has  been  .recently 
suggested,  Laramie  were  to  be  employed  as  a 
group  term  it  would  involve  the  anomalous 
condition  of  embracing  portions  of  twr  geologic 
systems  which  are  separated  bj  an  uncon- 
formity that  is  believed  by  many  .ic  be  one  of 
the  most  important  in  the  whole  Rocky 
Mountain  section.  If  a  group  term  is  needed 
for  the  several  recognized  formation?  contain- 
ing the  Triceratops  fauna,  it  has  already  been 


supplied  by  Cross,"  who  has  proposed  for  them 
the  term  Shoshone  group,  which  is  "defined  as 
embracing  the  lacustrin£,  fluviatite,  or  ter- 
restrial deposits,,  composed  of  detritus  from 
the  rising  land  area  of  the  Rocky  Mountain 
province,  formed  between  the  Laramie  and 
Fort  Union  epochs."    i 

IS  THERE  A  TYPE  SECTION  FOB  THE  LARiMIET 

In  the  refinement  of  modern  geologic  methods 
it  is  considered  essential  that  a  type  section  be 
designated  when  a  new  formational  or  other 
stratigraphic  unit  is  proposed,  though  it  not 
infrequently  happens  that  subsequent  study 
discloses  the  fact  that  what  was  described  as 
"  typical"  is  a  more  or  less  incomplete  expres- 
sion of  what  the  unit  under  consideration  is^ 
found  ultimately  to  represent.  Concerning 
this  point  Ulrich"  said: 

No  local  section  contaiDswithtnitseif  the  data  required 
[or  anything  approaching  a  final  claaaification  of  its  com- 
ponent p:irte.  This  becomes  posaihle  only  when  exhauH- 
tive  compaTieonB  with  many  other  near  and  far  sectiona 
have  been  made.  ■  •  •  The  divisions  are  seldom 
drawn  with  due  regird  to  the  organic  and  diaatropMc 
histories  of  the  several  beds. 

At  the  time  of  the  early  work  in  the  Rocky 
Mountain  region,  which  resulted  in  the  estab- 
lishment of  many  of  the  stratigraphic  units 
that  have  since  become  so  widely  known,  ap- 
preciation was  not  so  keen  as  to  the  necessity 
of  tying  such  units  to  a  definite  type  section, 
though  even  then  the  practice  varied  among 
the  several  geologists  who  were  prominent  in 
this  field.  The  naming  of  the  Laramie  offers 
a  case  in  point.  It  appears  that  it  was  the 
usual  custom  of  King,  who  named  and  estab- 
lished the  Laramie,  to  designate  more  or  less 
definitely  a  type  section  or  locality  for  each 
stratigraphic  unit  that  he  established.  For  the 
Laramie,  however,  he  failed  to  do  this  specif- 
ically, though  there  was  not  then  nor  is  there 
belidFed  to  be  now  any  valid  doubt  as  to  just 
what'he  had  in  miiid. 

f  This  state  of  affair^  led  Veatch  "  some  yeare 
ago    to    make    a    critical   historical   study  'of 

x  Cross,  Whitmsii,  The  LarBmis  TdmuiLon  and  the  Sbeahone  group: 
WashiiiRion  \<-aA.  8cl,  Ptoc,.  fol.  II.  pp^  2J-ti.  1909.      ■ 

"Ulridi,  E.O.t  Revision  QtlhflPBlecBolc  systems:  Gml.Soc.  America 
Dull.,  vol.  22,  p.  un,  IDll. 

'"Vealch,  A,  C,  On  ihe  oclirtn  and  definition  of  the  geologic  la-m 
"LarBmie'':  Jour.  Ueology,  vid.  U,  pp.  510-540,  IWT:  abslrut  midbr 
Mme  title  In  Am.  Jour.  Sci.,  41b  aer.,  vol.  M,  pp.'l^-aa,  1407. 
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various  direct  and  collateral  data  which  might 
be  expected  to  afford  some  conclusion  regard- 
ing what  the  term  can  and  can  not  properly 
be  used  to  designate.  This  study  led  Veatch 
to  the  conclusion  that  the  Laramie  Plains,  and 
more  specifically  the  vicinity  of  the  town  of 
Carbon,  Wyo.,  should  be  considered  as  the 
type  locality  for  the  Laramie.    He  said: 

The  name  '* Laramie"  is  derived  from  the  Laramie 
Plains,  in  eastern  Wyoming.  As  commonly  used  in  the 
eaiiy  seventies,  this  included  the  plains  region  extending 
from  the  Front  Range  to  and  slightly  beyond  the  North 
Platte  River. 

The  most  important  locality  on  the  Laramie  Plains  at 
this  time  was  Carbon.  *  *  *  It  was  the  only  locality 
on  the  Laramie  Plains  where  the  King  Survey  criticaUy 
examined  and  distinctly  delimited  the  Laramie  beds. 

It  was  the  practice  of  the  King  and  Hayden  surveys 
to  name  formations  and  groups  from  localities  where  the 
beds  were  regarded  as  typically  exposed.  While  King 
and  Hayden  did  not  always  definitely  state  that  a  name 
was  derived  from  a  certain  locality,  the  source  of  the 
name  can  in  all  cases  be  completely  inferred  from  the 
context. 

Veatch  then  proceeded  to  argue  that  if  the 
name  was  derived  from  the  Laramie  Plains, 
and  if  Carbon  as  the  place  best  known  at  that 
time  is  taken  as  the  type  locality,  it  then 
follows  that  the  term  Laramie  has  been  incor- 
rectly applied  for  all  these  years,  as  it  is  now 
disclosed  that  only  the  beds  above  the  great 
unconformity  are  exposed  in  that  vicinity. 

This  question  has  been  so  thoroughly  re- 
viewed by  Whitman  Cross*'  in  his  paper  on 
''The  Laramie  formation  and  the  Shoshone 
group"  that  the  following  extended  quotation 
is  made: 

As  to  the  origin  of  the  term  Laramie  Mr.  Veatch  points 
out  that  Clarence  King,  who  proposed  the  name  and  de- 
fined its  application,  was  very  careful  in  the  choice  of 
appropriate  geographic  formations.  That  is  undoubtedly 
true  in  a  general  way;  still  King  was  not  working  under 
any  such  rule  as  that  now  prevailing  in  the  United  States 
Geological  Survey.  Much  space  is  given  to  establishing 
by  citations  the  exact  application  of  the  name  Laramie 
Plains  in  the  seventies,  and  to  showing  that  sections  of 
''Laramie"  beds  examined  by  the  Hayden  and  King 
geologists  were  probably  all  above  the  unconformity  seen 
at  Carbon.  ♦  ♦  •  If  the  term  Laramie  had  been  in 
fact  proposed  especially  for  strata  of  the  Laramie  Plains, 
or  even  for  a  formation  known  by  King  and  Hayden  only 
in  the  rone  traversed  by  the  Union  Pacific  Railroad  or 
the  fortieth  parallel  in  Wyoming,  it  is  probable  that  many 
stratigraphera  would  agree  with  the  sweeping  conclusion 
that  "strictly  considered,  the  term  Laramie,  therefore, 

f»n  apprfipriately  be  applied  only  to  the  beds  above  the 

^  ...  —  --— 

»  WMhinfUitt  Acad.  Hci.  Proc..  vol.  11,  p.  »,  1909. 


great  unconformity."  •  •  •  But  the  name  was  not 
so  proposed.  It  was  introduced  into  Ut^ature  and  de- 
fined by  King  as  a  compromise  term  for  beds  known  to 
be  widely  distributed  from  Montana  to  New  Mexico. 
The  statement  made  by  King  is  very  clear  as  to  the  desire 
of  Hayden  and  himself  to  have  a  name  which  each  could 
use  for  a  great  series  of  supposedly  conformable  beds, 
without  prejudice  as  to  age.  I4uramie  was  practically 
proposed  as  a  synonym  for  **Lignitic/'  but  not  as  an  exact 
one,  for  the  term  had  been  very  broadly  used  by  Hayden 
and  others. 

There  is  not  the  slightest  doubt  as  to  the  fundamental 
stratigraphic  relations  which  King  and  Hayden  thought 
characteristic  of  the  Laramie.  In  aU  statements  quoted 
and  in  others  which  might  be  cited  the  relation  most 
strongly  emphasized  in  regard  to  the  Laramie  is  its  con- 
formity with  the  underiying  Cretaceous  beds.  King 
believed  the  Laramie  to  be  Cretaceous;  Hayden  thou^t 
it  transitional  between  Cretaceous  and  Tertiary.  King 
believed  that  Mesozoic  sedimentation  ended  by  reason  of  a 
great  Rocky  Mountain  revolution  and  that  the  Laramie  was 
separated  from  the  lowest  Eocene  beds,  erroneously  sup- 
posed by  him  to  be  the  Wasatch,  by  a  marked  uncon- 
formity.   ♦    ♦    ♦ 

The  Laramie  of  King's  conception  was  a  natural  strati- 
graphic  unit  with  a  well-defined  base  to  be  found  in  many 
places,  but  with  an  upper  theoretical  limit  which  might 
nowhere  be  represented,  owing  to  the  assumed  pre- 
Tertiary  erosion.  It  was  to  embrace  the  upper  group  of 
Conformable  Cretaceous  sediments,  deposited  in  brackish 
or  fresh  waters  during  gradual  continental  uplift. 

The  same  ground  was  taken  by  A.  C.  Peale  "* 
in  a  paper  published  a  few  months  after  that 
by  Cross.  As  Peale  was  a  member  of  the 
Hayden  Survey  at  the  time  the  Laramie  was 
established  and  was  of  course  familiar  with 
aU  the  details  connected  with  it,  his  testimony 
is  especially  valuable.  Concerning  a  type 
locality  for  Laramie  he  said: 

There  was  no  type  locality  so  far  as  we  [members  of  the 
Hayden  Survey]  were  concerned,  nor  was  there  any  such 
idea  in  the  mind  of  Hayden.  He  proposed  the  name  partly 
because  it  was  a  euphonious  name  and  a  broad  one  as  he 
conceived  it,  the  beds  outcropping  not  only  in  the  Laramie 
Plains  but  also  on  both  sides  of  what  was  then  sometimes 
known  as  the  Laramie  Range  and  also  in  the  vicinity  of 
the  Laramie  River.  It  was  also  proposed  by  him  partly 
out  of  compliment  to  Clarence  King,  who  was  then  working 
in  what  Hayden  termed  the  Laramie  Plains,  he  using  the 
term  in  its  very  broadest  sense  as  reaching  from  the 
Laramie  Range  to  the  Wasatch  Range.*"  *  *  *  It 
was  intended  that  the  name  should  cover  all  localities  in 
which  the  beds  occurred.  If  any  localities  should  be  con- 
sidered as  typical  localities  they  would  be  those  mapped 
by  us  along  the  Front  Range  in  eastern  Col(»rado  and  by 
King  along  the  range  in  Wyoming.    That  Clarence  King 


"  On  the  application  of  the  term  Laramie:  Am.  Jour.  8d.,  4th  ser., 
vol.  28,  pp.  45-58,  1900. 

••  Of.  Hayden,  F.  V.,  U.  8.  Oeol.  Survey  Wyoming  Rept.,  1870,  p. 
121, 1871. 
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had  no  type  localitiee  of  the  Laramie  Plains  in  his  mind  ia 
also  evident  from  the  fact  that  immediately  following  his 
definition  of  the  Laramie  he  gives  as  localities  of  its  oc- 
currence the  following  in  eastern  Colorado,  just  north  of 
the  area  in  which  the  Hayden  Survey  was  at  work: 

Parks  Station,  Colo. 

6  or  7  miles  west  of  Carr's  Station,  Colo. 

West  of  Greeley,  Colo. 

Crow  Creek,  Colo. 

Platteville,  Colo. 

These  were  followed  by  references  to  "good  exposures  of 
Laramie "  east  of  Separation  and  at  other  localities  along 
the  line  of  the  Union  Pacific  Railroad  in  northwestern 
Colorado.  It  is  interesting  to  note  that  Carbon,  Wyo., 
does  not  appear  in  the  list,  and  that  Carr's  Station  is  only 
about  24  miles  east  of  the  lower  end  of  the  Laramie  Hills, 
while  the  other  localities  are  within  short  distances  of  the 
east  and  southeast  of  the  mountains. 


'J 


Further  quotations  might  be  made  from  the 
writings  of  King  and  others  in  support  of  the 
contention  above  made  by  Cross  and  Peale, 
but  they  are  hardly  necessary,  as  it  would  seem 
to  be  established  beyond  reasonable  question 
that  no  type  section  was  named  or  intended 
for  the  Laramie,  and  it  is  still  clearer  that  it  was 
not  intended  to  make  Carbon  and  the  Laramie 
Plains  such  a  locality.  It  has  been  contended 
by  some  geologists  that  the  original  delimita- 
tion of  the  Arapahoe  and  Denver  formations 


from  the  supposedly  continuous  Laramie  sec- 
tion constituted  a  virtual  redefinition  of  the 
Laramie,  but  this  ground  does  not  seem  well 
taken,  for  the  essential  part  of  King's  defini- 
tion— namely,  that  it  is  the  uppermost  member 
of  the  conformable  Cretaceous  series  above 
the  Fox  Hills — is  maintained.  This  view  was 
further  emphasized  by  Cross,*®  who  said: 

Although  the  Laramie  was  simple  in  its  essential  defini- 
tion and  conception,  the  strata  referred  to  it  included 
local  deposits  as  well  as  those  of  wide  distribution,  and 
knowledge  concerning  some  of  these  beds  was  very  meager 
and  untrustworthy  when  the  group  was  established.  It 
is  a  most  natural  result  of  detailed  studies  diuring  the 
last  30  years  that  several  formations  at  the  top  of  the  group 
assumed  to  have  the  relations  embodied  in  King^s  defini- 
tion have  been  found  to  possess  other  relations.  But 
there  is  still  a  large  formation  answering  to  the  fundamental 
part  of  King's  definition,  and  to  such  beds  it  seems  to 
me  both  natural  and  most  expedient  to  apply  the  term 
Laramie  in  future.  In  the  Laramie  Plains  there  are, 
according  to  Veatch,  6,500  feet  of  conformable  Cretaceous 
beds  above  the  Montana  strata  and  below  the  break  at  the 
base  of  the  Carbon  beds.  The  geographic  term  is  thus 
still  appropriate,  even  if  the  Carbon  section  be  excluded 
from  the  Laramie.  The  term  has  now  been  so  widely 
applied  and  for  such  a  long  time  that  it  appears  unwise 
to  drop  it,  even  if  there  should  be  proved  to  be  no  true 
Laramie  beds  on  the  I^aramie  Plains.         ) 

M  Cross,  Whitman,  The  Lwamie  formation  and  the  Shoshone  group: 
Washington  Acad.  Sci.  Proc.,  vol.  11,  p.  31,  1909. 
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UTHOLOGIC  AND  STRAtlGRAPHIC   RELATIONS. 

It  is  not  my  intention  in  the  present  con- 
nection to  attempt  a  complete  exposition  of 
the  lithology  and  stratigraphic  relations  of  the 
Laramie  in  this  area  but  simply  to  give  enough 
of  this  history  to  serve  as  a  setting  for  the 
paleobotanic  data.  One  wishing  to  go  thor- 
oughly into  this  phase  of  the  subject  should 
consult  the  monograph  on  the  geology  of  the 
Denver  Basin,'^  from  which  much  of  the  fol- 
lowing brief  account  is  condensed. 

With  the  exception  of  a  narrow  belt  along 
the  foothills  which  is  occupied  by  older  for- 
mations, practically  the  entire  Denver  Basin 
is  presumably  underlain  by  the  Laramie.  As 
a  surface  formation  it  is  confined  chiefly  to  the 
northern  portion  of  the  basin  and  to  a  very 
narrow  strip  parallel  with  the  foothills  and  at 
a  distance  from  them  of  1  or  2  miles.  In  this 
narrow  belt  the  formation  crops  out  in  detached 
areas  separated  by  overlapping  deposits  and 
extends  from  a  point  a  few  miles  north  of 
Denver  to  the  vicinity  of  Colorado  Springs. 
The  beds  are  steeply  tilted  eastward  along 
the  foothills,  but  the  dip  becomes  less  toward 
the  east,  and  in  the  central  part  of  the  basin, 
where  the  beds  lie  almost  flat,  the  Laramie  is 
covered  by  the  Arapahoe,  Denver,  and  Dawson 
formations. 

The  Laramie  is  the  youngest  Cretaceous  for- 
mation in  the  Colorado  Front  Range  region. 
It  rests  conformably  on  the  Fox  Hills  sand- 
stone, from  which  it  is  distinguished  where 
in  continuous  outcrop  by  its  lighter  color  and 
the  presence  in  the  topmost  layer  of  the  Fox 
Hills  of  numerous  marine  invertebrates.*'  /  In 
this  area  the  Laramie  was  reported  by  the 
authors  of  the  Denver  Basin  monograph  to 
range  in  thickness  between  600  and  1,200  feet, 
and  Richardson,  in  the  Castle  Rock  folio, 
reports  a  thickness  of  1 ,200  feet  in  the  foothill 

n  Emmons,  S.  F.,  Cross,  Whitman,  and  Eldridge,  O.  H.,  U.  S.  Geo!. 
Survey  Mon.  27, 1896. 

**  It  was  stated  by  Eldridge  that  none  of  these  invertebrates  were 
known  to  pass  into  the  Laramie,  but  according  to  Henderson  (p.  87)  at 
least  two  brackish-water  species  {Ostrea  glabra  and  Mdania  ftfomiwh 
ensis)  are  now  found  to  be  common  to  the  contiguous  portions  of  both 
formations. 


region  to  the  south  of  Denver.  Near  Colorado 
Springs,  the  southernmost  point  at  which  the 
Laramie  is  recomized,  the  thickness  is  reduced 
to  less  than  40Q  feet. 

According  to  Eldridge  the  Laramie  is  ''divisi- 
ble into  two  parts,  a  lower  of  sandstone  and 
an  upper  composed  of  clay.  The  former  has  a 
uniform  thickness  of  about  200  feet;  the  latter 


vanes. 


''ftS 


In  the  lower  division  there  are  three  per- 
sistent beds  of  sandstone,  two  of  which  occiir 
at  the  base  and  have  a  thickness  of  approxi- 
mately 60  feet,  while  the  upper  onei  has  a 
thickness  of  8  or  10  feet. 

The  intervening  oneB  not  only  disappear  but  vary  in  the 
horizon  at  which  they  occur.  The  coal  beds  also  vary, 
one  of  several  seams  being  workable  at  one  locality  and  an- 
other in  another. 

The  sandstones  are  white  and  are  composed  almost  ex- 
clusively of  quartz,  clear  and  opaque  white.  The  material 
is  somewhat  loosely  held  together  by  cement,  usually  white 
but  occasionally  tinged  brown  by  iron  oxide. 

In  the  upper  division  the  thickness, 

owing  to  uneven  denudation  from  the  top,  varies  between 
400  and  1,000  feet.  The  strata  are  chiefly  clays,  through 
which  are  distributed  small  lenticular  bodies  of  sandstone, 
innumerable  concretionary  ironstones  from  2  to  4  feet  in 
diameter,  and  narrow  local  seams  of  impure  lignitic 
material.  One  or  two  beds  of  lignite  are  also  present  in  it« 
upper  portion  east  of  Denver. 

The  interpretation  embodied  in  this  quota- 
tion was  generally  accepted  prior  to  1915,  and 
the  coal  formerly  mined  at  Scran  ton,  Colo.,  was 
believed  to  be  in  the  upper  division  of  the 
Laramie.  In  recent  years  certain  fossil  plants 
were  collected  near  beds  of  coal  which  are  sup- 
posed to  be  the  same  as  the  Scranton  coals. 
These  plants  indicate  Tertiary  rather  than 
Cretaceous  age. 

"  This  division  into  a  lower  and  upper  part  has  been  interpreted  by 
some  as  comparable  to  the  use  of  "Lower  Laramie"  and  "Upper  Lara- 
mie" by  Veatch  in  describing  the  section  in  Carbon  County  Wyo., 
but  a  careful  reading  of  Eldridge 's  context  shows  clearly  that  no  such 
separation  was  implied  or  intended.  I  am  informed  by  Mr .  Cross,  the 
only  surviving  author  of  the  Denver  monograph,  that  these  divisions 
were  made  simply  to  show  that  the  lower  part  is  made  up  prevailingly 
of  sandstones  and  the  upper  part  of  clays.  There  is  not  the  slightest 
known  evidence  of  an  unoonfdrmity  between  them,  and  no  stratigraphic 
or  formational  importance  is  to  be  attached  to  this  use  of  "lower"  and 
"upper." 
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During  the  summer  of  1915  W.  T.  Lee  ob- 
tained evidence  that  the  Scranton  coal  beds 
are  in  the  Denver  formation  rather  than  in  an 
upper  division  of  the  Laramie.  He  obtained 
the  record  of  a  well  put  down  near  Sable  station, 
on  the  Union  Pacific  Railroad  east  of  Denver 
and  a  few  miles  west  of  Scranton.  This  well 
is  more  than  3,000  feet  deep  and  penetrated  the 
Scran  t^)n  coal  beds,  the  Arapahoe  conglomerate, 
the  Laramie  formation,  the  Fox  Hills  sandstone, 
and  nearly  1,500  feet  of  the  underlying  shale. 
The  n»,cord  seems  to  establish  the  following 
relations  :•* 

1 .  The  coal  beds  of  the  so-called  upper  divi- 
sion of  the  Laramie  occur  in  the  Denver  forma- 
tion 200  to  450  foot  above  the  top  of  the 
Laramio. 

2.  At  this  point  the  Arapahoe  conglomerate 
is  50  foot  thick. 

3.  The  Laramie  formation  is  here  700  feet 
thick  with  one  thick  bed  of  coal  at  the  base. 

4.  Tlio  sandstone  which  underlies  the  Lara- 
mio coal  and  which  presumably  represents  the 
so-called  basal  sandstone  of  the  Laramie  and 
the  sandstone  at  the  top  of  the  Fox  Hills  is 
here  only  160  feet  thick. 

5.  Below  this  Fox  Hills  sandstone  the  upper 
part  of  the  sandy  fossilif erous  shale  may  be  of 
Fox  Hills  age,  but  there  seems  to  be  no  way  of 
distinguishing  this  part  from  the  Pierre  shale. 

ANIMAL  LIFE  OF  LAEAMIE  TIME  IN  THE  DENVER 

BASIN. 


If  we  are  to  juilge  from  the  remains  that  have 
thus  far  binm  bnnight  to  light,  animal  life  of  all 
kinds  was  e,\oeeilingly  rare  in  the  Denver  Basin 
during  Ijaramio  time,     Si>  far  as  I  know  only  a 

**  In  A  f««rmn«l  (tmununicfttlon  Lf«  »t«t(«  that  the  written  kif  of  the 
upper  pMl  «^  this  well  to  «  depth  of  l.3iV  feet  cvuM  not  be  ohuined.  but 
that  the  rK<ofxl  i^  the  bed»  below  thi<t  depth  i$  copied  (toni  the  driller^ 
iK^e*  The  upper  part  »>l  the  rtv\«\i  i5  b«5<d  on  the  imiependen'ly 
prwurevi  statements  of  the  drtUer  and  two  other  men  who  were 
sutlKiently  inierwiM  to  keep  iheiwteh*t«  constAntly  infiMrme«.i  of  the 
|\r\>p^»«s  of  the  well.  The  testirooivv  ^^  these  three  men  aicreed  in  all 
esM'utial  |v>ints.  They  t»ere  ^tiestK^ml  partkrilartr  in  reference  to 
the  ^YwnK^n  <N>als  ami  the  <>^UEl«^«nerate.  The  pavilion  i^  the  b<^Is  i4 
e\>«l  c*n  m^  be  rM^Huiblv  d«MibioJ,  as  they  ot\>p  out  east  i^  the  well  and 
arr  re|x>r«el  ftxM«  mmteffxnis  water  «ells  in  the  vioiniiy  «rf  Sable.  The 
iXHV^K^iiMirale  a  as  %teAmb<vl  as  Wvisistiixi:  of  pebbles  of  *  quart  j.  (lint, 
bla^*^  diatw^vWIs^"  ete.«  the  laxfe^t  an  ineh  or  more  in  diameter.  S<«ie 
\^  the  pe^b^ci  \lesirnbed  as  "bla*St  diawK^mls"  had  been  prwervnl  ami 
api^Na  H«<\Hvsi»l  %^  black  chert.  In  ri(«HHMV«e  toa  query  as  to  the  number 
ol  the  |y^«bl««  the  statement  was  roa^  that  •*  bushels  of  them  came  *Hit  ** 
hf*  afierwmni  vi.sit<^  the  hv%htx  tvraa  ^Iv^rruMi  where  these  N^ls  ctvip 
nail  ami  ^iml  that  the  dnlWr's  ^let^criiviKvi  t>WTt«picv>ied  very  okvely 
w ith  the  bi^is  as  they  are  e\)v«iM  at  the  saK*ii>e  All  thcip  coiuuvlered. 
the  K>(  sieems  to  be  as  well  autlietttMhted  as  the  avera^  dritor's  rectwxi. 


single  fragment  of  a  vertebrate  has  been  re- 
ported from  beds  supposed  to  be  of  Laramie 
age  within  this  area.  The  occurrence  of  this 
specimen  was  described  as  follows  by  G.  H. 
Eldridge:** 

The  vertebrate,  according  to  Prof.  Marsh,  belongs  to  the 
order  Omlthopoda  of  the  subclaas  Dinosauria.  The  genus 
is  undetermined.  The  specimen  was  found  by  a  ranch- 
man about  30  feet  below  the  surface,  in  a  well  sunk  through 
the  upper  Laramie  strata,  on  the  slopes  of  Dry  Creek, 
about  8  miles  southwest  of  the  town  of  Brighton. 

This  locality  is  apparently  about  10  miles 
due  north  of  Denver  and  according  to  the 
geologic  map  accompanying  the  Denver  Basin 
monograph  should  fall  within  an  area  indicated 
as  Laramie.  The  beds  were  thought  by  Eld- 
ridge  to  represent  the  upper  part  of  the  Laramie, 
but  in  the  light  of  the  results  obtained  by  Lee 
(p.  103)  only  a  few  miles  east  of  this  Dry  Creek 
locality,  it  seems  more  than  probable  that  this 
supposed  upper  Laramie  belongs  to  the  Denver 
formatibn,  in  which  case  the  bone  came  either 
from  the  Denver  or  the  Arapahoe.  A  depth  of 
only  30  feet  below  the  surface  would  certainly 
not  reach  the  Laramie  and  would  probably 
place  it  in  the  Arapahoe,  which  is  well  known  to 
contain  vertebrate  remains.  Thus,  to  the  un- 
certainty of  the  biologic  interpretation  of  this 
fragment  is  added  the  indefiniteness  of  its 
stratigraphic  position,  and  it  can  be  dismissed 
as  absolutelv  without  value. 

IM  VUtTXBRATXS . 

The  onlv  remains  of  invertebrates  recorded 
from  the  Laramie  of  the  Denver  Basin  by 
Eldridge  ••  are  Ostrea  glabra  and  Unio  sp.  ?, 
determined  by  C.  A.  White.  Eldridge  said: 
'*The  iKcurrence  of  Ostrea  glabra  is  general  for 
the  field  and  always  at  the  same  horizon,  a 
short  distance  above  the  basal  sandstones  of 
the  formation." 

Bods  held  to  be  of  true  Laramie  age  have 
been  found  in  the  valley  of  Crow  Creek,  which 
i"*  about  25  miles  east  of  Greelev  and  between 
40  and  50  miles  north  a  little  east  of  Denver, 
outside  the  strict  limits  of  the  Denver  Basin 
as  acooptiHi  in  the  Denver  monograph.  This 
n^ion  was  visited  by  C.  A.  White  •^  in  1877, 
while  he  was  attacheii  to  the  Havden  Survev. 


•  l\  S.  Oe«A.  Surver  Mon,  37.  p.  T7. 
••  Op  ott..  p>  TS^ 

^  Kep^Yt  on  p*VKwu>k>poal  &eM  vork  for  tbe  jeitfcu  of  1!S7:  r.  8. 
i«<^>t  aihI  v«ei.i(.  Suney  Terr.  Elfrenth  Ann.  Re^C^  pp.  MS-ITSi^  1S79. 
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He  wrote   as  follows  concerning  the  stratig- 
raphy and  paleontology: 

In  this  valley,  as  in  all  the  plains  region  round  about, 
the  exposures  of  strata  are  not  only  few,  but  none  of  them 
are  extensive.  The  most  southerly  exposure  is  about  10 
miles  from  the  mouth  of  the  creek,  and  here  I  again  rec- 
ognized the  oyster  horizon,  which  has  been  mentioned 
twice  before.  The  species  mentioned  before  were  found 
abundantly  here,  and  many  other  molluscan  species 
besides,  in  associated  layers.  I  traced  this  fossiliferous 
horizon  northward  for  a  distance  of  5  or  6  miles  above  the 
point  where  I  first  discovered  it  and  found  it  to  occupy 
nearly  a  uniform  height  above  the  level  of  the  creek. 
The  exposures  are  in  the  face  of  the  low  sloping  hills  that 
border  the  east  sidq  of  the  valley  and  are  distant  from  the 
creek  only  from  a  few  hundred  feet  to  half  a  mile. 

The  full  .section  of  the  strata  constituting  the  valley 
side  here  was  quite  clearly  ascertained,  although  the 
debris  which  prevails  upon  the  plains  has  so  obscured  them 
in  most  places,  even  on  the  slope,  that  they  were  not 
all  observable  at  any  one  point.  The  following  is  a 
record  of  the  section  as  ascertained  by  measurements  at 
several  different  points  within  the  few  miles  that  they 
were  found  exposed,  as  before  stated: 

Crow  Creek  section. 

Feet. 

1.  Sandy  soil  or  debris  of  the  plains 10 

2.  Grayish  siliceous  nuirl 5 

3.  Sandy  and   calcareous  layers;  with    Corbula^ 

etc 3 

4.  Soft   sandy  and    argillaceous   material;    with 

Oatrea  and  Anomia 6 

5.  Arenaceous    rock,     somewhat    concretionary; 

with  numerous  fresh-water  forms 2 

6.  Arenaceous  marly  strata 20 

7.  Carbonaceous  shale 6 

8.  Gray  siliceous  marl .  # : 6 

9.  Carbonaceous  shale 3 

10.  Gray  siliceous  marl 25 

11.  Unexposed  to  the  surface  of  the  creek 5 

No.  1  is  the  prevailing  debris  of  the  plains,  which  at  top 
constitutes  the  sandy  soil. 

No  fossils  were  found  in  No.  2,  but  it  is  evidently  a 
part  of  a  continuous  deposit  with  those  beneath.    ♦    ♦    ♦ 

The  following  is  a  list  of  the  fossils  obtained  from  the 
different  members  of  this  section: 

List  of  fossils  from  the  valley  of  Crow  Creeky  Colo. 

1.  Anomia  micronema  Meek. 

2.  Anomia  gryphorhynchus  Meek. 

3.  Ostrea  glabra  Meek  and  Hay  den. 

4.  Volsella  (Brachydontes)  regularis  White. 

5.  Anodonta  parallela  White. 

6.  Unio ? 

7.  Corbicula  cleburni  White. 

8.  Corbicula  obesa  White. 

9.  C/orbicula  cardiniaeformis  White. 

10.  Corbicula  (Leptesthes)  subelliptica  Meek  and 

Hayden. 

11.  (Corbicula  (Leptesthes)  fracta  Meek. 

12.  Corbicula  (Leptesthes)  macropistha  White. 


List  offosHlsfrom  the  vdUey  of  Crow  Creek,  Colo. — Contd. 

13.  Corbicula  (Leptesthes)  planumbona  Meek 

14.  Corbula  subtrigonalis  Meek  and  Hayden. 

15.  Bulinus  disjunctus  White. 

16.  Bulinus  subelongatus  Meek  and  Hayden. 

17.  Physa  felix  White. 

18.  Goniobasis  gracilienta  Meek  and  Hayden. 

19.  Goniobasis  nebrascensis  Meek  and  Hayden. 

20.  Melania  wyomingensis  Meek. 

21 .  Viviparus  prudentia  White. 

22.  Tulotoma  thompeoni  White. 

23.  Campeloma  multistriata  Meek  and  Hayden. 

24.  Corydalites  fecundum  Scudder. 

•  •  •  •  •  •  • 

At  a  point  about  18  miles  east  of  Greeley  I  found  the 
uppermost  strata  of  the  Fox  Hills  group  in  the  south 
valley  side  of  South  Platte  River,  and  from  that  point  to 
about  6  miles  farther  eastward  I  continued  to  see  small 
exposures  of  the  same,  most  of  which  were  obscure.  I 
however  recognized  about  20  feet  in  thickness  of  strata, 
and  the  fossils,  which  were  few  and  imperfect,  were  quite 
sufficient  to  indicate  an  exact  equivalency  of  the  strata 
containing  them  with  those  of  the  upper  part  of  the  sec- 
tion at  the  mouth  of  the  St.  Vndns.  Besides  these  few 
characteristic  invertebrate  fossils,  I  also  found  fragments 
of  the  fucoid  Halymenites  major  in  one  of  the  upper  layers. 
The  known  general  dip  of  the  strata  of  all  that  region 
makes  it  practically  certain  that  the  Cretaceous  strata  pass 
beneath  the  level  of  the  streams  along  a  northward  and 
southward  line  which  may  be  drawn  a  couple  of  miles 
west  of  Greeley;  that  they  receive  a  greater  or  less  thick- 
ness of  Laramie  strata  upon  them  beneath  the  debris  of 
the  plains.  Then  a  gentle  rise  brings  them  up  again  to 
view  in  the  valley  of  South  Platte  River,  from  18  to  25 
miles  east  of  Greeley,  as  already  mentioned.  They  seem 
then  to  pass  again  by  a  gentle  easterly  dip  beneath  the 
surface  of  the  river,  but  I  did  not  trace  them  farther,  as 
my  journey  led  up  the  valley  of  Bijou  Creek.  It  is  prob- 
able, however,  that  the  exposures  of  these  uppermost  of 
the  Fox  Hills  strata  continue  at  the  surface  farther  down 
the  South  Platte,  in  its  inunediate  valley.  Between 
Greeley  and  the  point  where  these  Cretaceous  strata  are 
exposed  the  space  is  no  doubt  occupied  by  at  least  a  small 
portion  of  the  strata  of  the  Laramie  group,  which  are 
covered  with  the  debris  of  the  plains,  but  I  found  no 
exposures  of  Laramie  strata  until  I  reached  the  valley  of 
Bijou  Creek,  about  12  miles  above  its  mouth.    ♦    ♦    ♦ 

From  the  valley  of  Bijou  Creek  my  investigations  led 
me  southwestward  to  Cherry  Creek  Plateau,  during  which 
I  passed  over  the  higher  strata  of  the  Laramie  group, 
which  come  in  the  series  between  those  that  I  found 
exposed  near  Bijou  Station  and  the  sindstones  of  the 
Monument  Oeek  group  that  constitute  the  plateau.  I 
found  no  fossils  of  any  kind  in  these  higher  Laramie  strata 
except  silicified  wood,  which  in  some  places  was  quite 
plentiful.  It  is  possible  that  certain  layers  in  this  por- 
tion of  the  Laramie  group  contain  invertebrate  fossils,  but 
the  whole  series  in  this  region  above  the  horizon  of  the 
fossiliferous  layers  of  the  Crow  Creek  and  Bijou  Creek 
sections  is  apparently  destitute  of  invertebrate  remains. 

The  whole  thickness  of  Laramie  strata  which  I  thus 
passed  over,  from  the  uppermost  layers  of  the  Fox  Hills 
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group  in  the  valley  of  South  Platte  River  to  the  base  of 
the  Moniunent  Greek  group  on  Cherry  Creek  Plateau,  is 
estimated  at  about  1,800  feet.  So  far  as  I  could  discover, 
only  about  the  lower  200  or  250  feet  of  this  series  is  known 
to  contain  invertebrate  fossils;  and  the  lower  700  or  800 
feet  appears  also  to  contain  all  the  coal  of  the  Laramie 
group  in  this  region. 

This  area  was  visited  by  T.  W.  Stanton  and 
me  in  1896,*"  and  the  thickest  section  found 
showed  the  invertebrates  and  plants  through  a 
distance  of  only  40  or  50  feet.  The  beds  under- 
lying the  Laramie  were  at  no  place  disclosed. 

In  this  connection  inquiry  was  made  of  Prof. 
Junius  Henderson,  of  the  University  of  Colo- 
rado, who  is  known  to  have  an  extensive  knowl- 
edge of  the  geology  of  northeastern  Colorado. 
In  a  letter  to  me  Prof.  Henderson  states  that 
after  a  very  thorough  exploration  of  this  region 
he  has  not  been  able  to  fix  the  thickness  of  the 
Laramie  section  in  this  area  with  any  degree 
of  positiveness.  He  says:  **0n  the  whole  I 
have  no  evidence  that  would  show  more  than 
100  feet  of  Laramie  around  Crow  Creek,  but 
my  impression  is  that  it  is  a  little  more." 

It  appears  to  have  been  thought  by  those 
who  had  previously  visited  this  area  that  there 
was  probably  a  considerable  thickness  of 
Laramie  beds  both  beneath  and  above  the 
Crow  Creek  exposures  and,  further,  that  these 
exposures  should  hold  a  position  relatively  high 
in  the  full  Laramie  section,  as  would  naturally 
be  inferred  from,  their  location  far  out  on  the 
plains  and  away  from  the  mountains  against 
which  the  Laramie  is  so  steeply  upturned. 
This  view  also  finds  some  confirmation  in  the 
fact  that  only  one  of  the  species  of  inverte- 
brates (Oatrea  glahra)  conmion  on  Crow  Creek 
is  known  to  occur  in  the  Laramie  of  the  Denver 
Basin.  This  was  the  view  at  first  entertained 
by  Prof.  Henderson,  but  he  states  that  his 
faith  in  the  high  position  of  the  deposits  on 
Crow  Creek  was  shaken  by  the  ''finding  of  Fox 
Hills  strata  in  geographically  high  positions  on 
the  divides  and  in  the  ravines  far  out  from  the 
mountains  and  in  some  instances  unquestion- 
ably not  far  below  fossiliferous  beds  of  the 
Laramie. '^ 

Omtinuing,  he  says: 

In  thft  irregular  rross-bedded  sandstone  on  top  of  Wild- 
<%i  M/mnd  northwijst  of  Plattevillo,  within  40  feet  of  the 
Vox   ffills  sandstone,   I   found  a  thick  bed  containing 

^nutiUm,  T,  W,,  mnn  Kiiowltoii,  K.  H.,  Stratigraphy,  and  paleon- 
UA/igf  t4  th«  l^ftramie  and  rDlated  formatloiui  In  Wyoming:  Oeol.  Soc. 
AmmUsn  Hiitl,,  vol.  %,  p.  lAl,  1W7. 


great  quantities  of  Odtrta  glabra^  with  a  few  specimeiu 
which  I  have  identified  as  Corhicula  cUbumi  White,  C. 
fracta  Meek,  C.  micropistha  White,  and  Anomia  micro- 
nema.  They  were  not  very  well  preserved,  but  cer- 
tainly they  are  correctly  determined  generically  and  I 
believe  also  specifically .  The  shales  intervening  betv*  een 
this  stratum  and  the  topmost  sandstone  of  the  Fox  Hills 
is  doubtless  the  same  as  that  found  between  the  Fox 
Hills  and  the  coal  beds  at  Windsor  and  elsewhere,  but  I 
have  never  been  able  to  find  any  determinative  fossils 
or  ascertain  whether  or  not  it  is  marine.  At  Wildcat 
Mound  Halymenites  major  occurs  in  both  the  marine  and 
the  Corhicula  beds. 

Going  northward  from  Wildcat  Mound  to  Milliken  the 
upper  Fox  Hills  sandstone  thins  out  very  much  and  is 
overlain  by  shales.  From  100  to  150  feet  up  in  the  shale 
is  a  coal  vein,  but  no  fossils  were  found  in  this  shale. 

I  also  failed  to  find  the  Oatrea-Corhicula  sandstone  at 
Windsor,  where  the  exposure  of  the  strata  overlying  the 
uppermost  sandstone  of  the  Fox  Hills  is  almost  complete 
for  a  long  distance,  or  at  Indian  Spring  mine,  north  of 
Wellington,  where  such  a  sandstone  if  present  would  show 
in  the  slope  between  this  sandstone  and  the  coal. 

Throughout  the  Crow  Creek  district,  eastward  to  Wild- 
cat Creek  and  Cottonwood  Spring,  I  always  found  Cor- 
biculas,  etc.,  in  contact  with  or  beneath  the  lowest  coal. 
On  the  divide  some  miles  east  of  Crow  Creek,  near  Grease- 
wood  Lake,  southeast  of  Osgood  post  office,  I  found  Fox 
Hills  strata  yielding  Lunatia,  7>//tna,  Cardiuni^  Denta- 
/turn,  Maetra,  Nucula,  Baroda^  and  Halymenites.  Almost 
anywhere  to  the  east,  west,  northeast,  and  north  of  Os- 
good Ostrea  glahra  and  various  species  of  Corhicula  may 
be  found,  with  coal  seams,  some  of  the  foesilif^ous  beds 
being  surely  not  many  feet  above  the  marine  Fox  Hills 
strata  just  mentioned. 

At  Cottonwood  Springs,  some  15  miles  northeast  of 
Orchard,  I  found  a  4-foot  bed  of  shale  containing  Ostrea 
glahra,  Anomia  microruma,  Coif/ncula  clebumiy  C.  fraetaf 
Corhula  suhtrigonalU,  and  Melania  wyomir^ensi*.  Thirty 
feet  of  shales  immediately  imderlying  this  bed  yielded 
Nucula,  Baroda,  CanHum  apedosum,  and  TurriteUaf 

I  found  Fox  Hills  strata  again  well  up  the  west  vailey 
slope  of  Wildcat  Creek,  north  of  Fort  Morgan.  There  I 
found  Vaniella  humilis  and  Pholadomya  subventrioom, 
which  usually  are  found  at  the  base  of  and  below  the 
uppermost  Fox  Hills  sandstone,  together  with  Tellina 
gcitula  and  Lucina  sp.  I  found  Fox  Hills  marine  foesilB 
in  the  bluffs  and  slopes  of  the  South  Platte  Valley  as  far 
out  as  Canton,  Weldon,  and  Messex. 

From  all  the  evidence  now  at  hand  I  can  not  see  how 
the  lowest  fossil  horizon  at  Crow  Creek  can  be,  at  most, 
more  than  50  to  100  feet  above  the  Fox  EUlls  marine 
strata. 

A  critical  analysis  of  the  geographic  and 
stratigraphic  range  of  these  Crow  Creek  inver- 
tebrates would  be  of  considerable  interest,  but 
this  is  outside  of  my  knowledge  or  the  scope  of 
the  present  report.  I  may  simply  note  in  pass- 
ing that  it  appears  to  have  been  demonstrated 
that  certain  of  the  species  present  at  Crow 
Creek  have  a  very  considerable  vertical  range. 
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occurring  in  the  Claggett  and  Judith  River  for- 
mations of  Montana,  the  Belly  River  of  Canada, 
the  ^*Lower  Laramie*'  of  Carbon  County,  Wyo., 
the  *' Laramie'*  of  Black  Buttes,  Wyo.,  the 
Mesaverde  of  Routt  County,  Colo.,  and  of  the 
Grand  Mesa  of  northwestern  Colorado,*  the 
Montana  of  the  San  Juan  Basin,  and  other  for- 
mations. Prof.  Henderson,  in  the  letter  above 
mentioned,  has  the  following  to  say  regarding 
two  of  the  species: 

\^  One  of  the  most  abundant  foflsLls  on  the  east  side  of  Crow 
Creek  valley  and  thence  well  out  on  the  divide  to  the  east 
for  miles  is  Ostrea  glabra^  which  is  also  abundant  in  the 
Boulder  district  and  in  many  places  occurs  in  the  Fox 
Hills  beds  as  well  as  low  in  the  Laramie.  Melania  wyo- 
mingeiuw  also  occurs  4  miles  east  of  Boulder,  in  marine 
Fox  Bills  strata,  though  smaller  than  the  exceedingly  large 
specimens  on  the  east  side  of  Crow  Creek,  i 

AMBER  IN  THE  LARAMIE  OF  TIO:  DENVER 

BASIN. 

Amber  in  minute  quantities  has  long  been 
known  to  be  rather  widely  distributed  in  cer- 
tain Upper  Cretaceous  strata  of  the  eastern 
United  States,**  but  so  far  as  known  to  me  it 
appears  to  be  of  extremely  rare  occurrence  in 
other  parts  of  North  America.     A  small  quan- 

w  Hollick,  Arthur,  The  occurrence  and  origin  of  amber  in  the  eastern 
United  States:  Am.  Naturalist,  vol.  39,  p.  137,  1905.  Berry,  E.  W., 
Coastal  Plain  amber:  Torrcya,  vol.  7,  p.  4,  1907.  Knowltoii,  F.  H.,  An 
American  amber-producing  tree:  Science,  new  scr.,  vol.  3,  p.  S82, 1896. 


tity  from  the  Laramie  at  Marshall,  Boulder 
County,  Colo.,  has  recently  been  reported  by 
T.  D.  A.  CockerelL*  Concerning  it  he  wrote 
as  follows : 

ThiB  locality  produces  much  of  the  coal  used  in  Boulder 
and  has  long  been  known  to  paleobotanists,  having  fur- 
nished important  materials  to  Lesquereux  many  years  ago. 
Perhaps  the  most  interesting  thing  found  was  a  small  piece 
of  amber  embedded  in  the  solid  rock.  It  measures  about 
8  millimeters  by  5.5  millimeters  and  is  translucent  orange- 
brown,  darker  than  Baltic  amber.  It  is  practically  insolu- 
ble in  alcohol;  a  small  fragment  left  in  it  over  night  was 
scarcely  if  at  all  diminished.  In  ether  it  eventually  be- 
comes opaque  and  friable. 

In  a  footnote  Cockerell  states  that  "since  the 
above  was  written  we  have  found  quantities  of 
amber  in  the  coal  at  Marshall.  None  of  the 
pieces  is  of  large  size.'*  The  amber  was  searched 
for  included  insects,  but  so  far  without  success. 

The  well-known  Baltic  or  typical  amber  is  the 
product  of  a  coniferous  tree,  but  coniferous 
remains  are  of  extremely  rare  occurrence  in  the 
plant  beds  at  Marshall,  and  it  is  quite  impossible 
with  the  data  at  present  available  to  ascertain 
the  plant  that  produced  the  amber  found  there. 
As  Cockrell  stated,  ''Judging  from  the  accom- 
panying foliage,  it  is  very  probably  not  even 
the  product  of  a  conifer.'* 

*  Amber  in  the  Laramie  Cretaceous:  Torreya,  vol.  9,  p.  140, 1909. 
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LOCAL  DISTRIBUTION  OF  THE  FLORA. 

Before  proceeding  to  the  discussion  of  the 
geologic,  biologic,  and  ecologic  relations  of  the 
Laramie  flora  comprised  in  the  present  work, 
it  may  be  of  some  interest  to  enumerate  the 
several  localities  together  with  the  forms  found 
at  each  place.  The  first  Laramie  plants  made 
known  to  science  were  named  and  described 
by  Leo  Lesquereux.'  They  are  given  in  the 
first  of  the  following  lists. 

Marshall's  mine,  Marshall,  Boulder  County,  Colo.: 

Lygodium  compactum  Lesquereux. 

Juglans  rugosa  Lesquereux. 

Quercus  chlorophylla  Unger. 

Quercus  lyelli  Heer. 

Cinnamomum  affine  Lesquereux. 

Acer,  fruit  of. 

Acer,  leaves  of. 

Rhamnus  salicifolius  Lesquereux. 

Comus  incompletus  Lesquereux. 

Echitonium  sophiae. 

Phyllites  sulcatimi  Lesquereux. 
Marshall's  mine,  Marshall,  Colo.;  collected  by  N.  L. 
Britton  for  J.  S.  Newberry,  about  1884: 

Sequoia  acuminata?  Lesquereux. 

Carpitee  marshallensis  Knowlton,  n.  sp. 

Juglans  praerugosa  Knowlton,  n.  sp. 

Ficus  coloradenais  Cockerell. 

Ficus  navicularis  Cockerell. 

Ficus  planicostata  Lesquereux. 

Cinnamomum  affine  Lesquereux. 

Aristolochia  brittoni  Knowlton,  n.  sp. 

Dombeyopsis  ovata  Knowlton,  n.  sp. 

Phyllites  marshallensis  Knowlton,  n.  sp. 
Railway  cut  bistween  old  and  new  stations,  Marshall, 
Colo.;  collected  by  A.  C.  Peale,  1908: 

Hicoria  angulata  Knowlton,  n.  sp. 

Hicoria  minutula  Knowlton,  n.  sp. 

Ficus  impressa  Knowlton,  n.  sp. 

Rhamnus  salicifolius  Lesquereux. 

Zizyphus  minimus  Knowlton,  n.  sp. 

Mimosites  marshallensis  Knowlton,  n.  sp. 

Dombeyopsis  obtusa  Lesquereux. 
Dump  of  old  Marshall  mine,  Marshall,  Colo.;  collected 
by  A.  C.  Peale,  1908: 

Ficus  impressa?  Knowlton. 

>  [Notes  on  fossil  plants  from  Rock  Creek,  etc.):  Am.  Jour.  Sci.,  2d 
ser.,  vol.  46,  p.  208,  1868;  copied  in  Hayden,  F.  V.,  U.  S.  Geol.  Survey 
Terr.  [Third]  Ann.  Rept.,  p.  96, 1809  [reprint,  p.  196, 1873.] 
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Dump  of  mine  at  west  end  of  wooded  bluff  just  south  of 
Marshall,  Colo.;  collected  by  A.  C.  Peale,  1908: 

Ficus  arenacea  Lesquereux. 

Ficus  impressa?  Knowlton. 

Dombeyopsis  obtusa  Lesquereux. 
Marshall,  Colo.,  railway  cut  at  junction  of  Eldorado 
Springs  branch  of  Colorado  Southern  Railroad: 

Cyperacites,  fragment. 

Rhamnus  salicifolius  Lesquereux. 
Marshall,  Colo.,  west  of  wooded  bluff  just  south  of  the 
town  and  above  coal  in  an  old  opening;  collected  by  A.  C. 
Peale,  1908: 

Ficus  cockerelli  Knowlton,  n.  sp. 

Ficus  coloradensis?  Cockerell. 

Cinnamomum  affine  Lesquereux. 

Palm,  gen.  and  sp.? 
Marshall,  Colo.,  half  a  mile  south  of  railway  station  and 
in  first  draw  north  of  white  sandstone  bluff,  just  above 
highest  coal  of  the  region;  collected  by  F.  H.  Knowlton, 
1908: 

Sequoia  longifolia  Lesquereux. 

Ficus  coloradensis?  Cockerell. 

Ficus  planicostata  magnifolia  n.  var. 

Ficus?  impressa  Knowlton,  n.  sp. 

Artocarpus  lessigii  (Lesquereux)  Knowlton. 

Cassia  laramiensis  Knowlton,  n.  sp. 
Marshall,  Colo.,  wooded  bluff  just  south  of  the  town; 
collected  by  A.  C.  Peale,  1908: 

Pteris?  sp. 

I 

Dammara  sp. 
•  Cyperacites  sp. 

SaUx  wyomingensis  Knowlton  and  Cockerell. 

Ficus  navicularis  Cockerell. 

Cinnamomum  affine  Lesquereux. 

Malapoenna  louisvillensis  Knowlton,  n.  sp. 

Rhamnus  salicifolius  Lesquereux. 

Rhamnus  marshallensis  Knowlton,  n.  sp. 

Rhamnus  goldianus?  I  esquereux. 

Leguminosites?  coloradensis  Knowlton,  n.  sp. 
Dump  of  mine  at  Erie,  Colo.;  collected  by  N.  L.  Britton 
for  J.  S.  Newberry  about  1884.    This  mine  has  long  been 
abandoned,  and  when  I  visited  it  in  1908,  I  could  not 
obtain  even  a  scrap  of  a  plant: 

Anemia. 

Ficus  sp.? 

Juglans  newberryi  Knowlton,  n.  sp. 

Quercus  eriensis  Knowlton,  n.  sp. 

Neliunbo  ten  uifolia(  Lesquereux )  Knowlton,  n.  comb. 

Dombeyopsis?  sinuata  Knowlton,  n.  sp. 

Dombeyopsis  ovata  Knowlton  n.  sp. 

Dombeyopsis  obtusa  Lesquereux. 

Ceanothus  eriensis  Knowlton,  n.  sp. 

Rhamnus  brittoni  Knowlton,  n.  sp. 

Rhamnus  minutus  Knowlton,  n.  sp. 

Rhamnus  salicifolius  Lesquereux. 

Celastrinites  alatus  Knowlton,  n.  sp. 

Celastrinites  eriensis  Knowlton,  n.  sp. 

Pistacia  eriensis  Knowlton,  n.  sp. 

Pistacia  hollicki  Knowlton,  n.  sp. 

Ilex  laramiense  Knowlton,  n.  sp. 

Leguminosites  columbianus  Knowlton,  n.  sp. 

Hedera  lucens  Knowlton,  n.  sp. 


1}  miles  northeast  of  Erie,  Colo.;  collected  by  F.  H. 
Knowlton  and  G.  C.  Martin.  1908: 

Asplenium  martini  Knowlton,  n.  sp. 
Railway  cut  near  Superior,  Colo.;  collected  by  A.  C. 
Peale,  1908: 

Rhamnus  salicifolius  Lesquereux. 
Dump  of  Rex  mine  No.  11,  Louisville,  Colo.;  collected 
by  A.  C.  Peale,  1908: 

Sequoia  longifolia  Lesquereux. 

Cyperacites  sp. 

Cinnamomum  affine  Lesquereux. 

Malapoenna  louisvillensis  Knowlton,  n.  sp. 

Ficus  sp. 

Zizyphus  or  Ceanothus  sp.,  fragment  of  base. 
Dump  of  Simpson  mine,  Lafayette,  Colo. ;  collected  by 
A.  C.  Peale,  1908: 

Phanerophlebites  pealei  Knowlton,  n.  sp. 

Sapind US-like  fragment. 
Coal  Creek,  Boulder  County,  Colo.;  collected  by  N.  L. 
Britton  for  J.  S.  Newberry  about  1884: 

Salix  brittoniana  Knowlton,  n.  sp. 

Salix  wyomingensis  Knowlton  and  CooJcerell. 

Juglans  laramiensis  Knowlton,  n.  sp. 

Ficus  arenacea  Lesquereux. 

Ficus  planicostata  Lesquereux. 

Ficus  praeplanicostata  Knowlton,  n.  sp. 

Artocarpus  liriodendroides  Knowlton,  n.  sp. 

Dombeyopsis  obtusa  Lesquereux. 

Aristolochia  brittoni  Knowlton,  n.  sp. 

Phyllites  trinervis  Knowlton,  n.  sp. 
Murphy  coal  mine,  on  Ralston  Creek,  5^  miles  north  of 
Golden,  Colo.;  collected  by  A.  C.  Peale,  1908: 

Palm,  gen.  and  sp.? 

Ficus  cockerelli  Knowlton,  n.  sp. 

Ficus  navicularis?  Cockerell. 
Murphy  coal  bank,  Ralston  Creek,  north  of  Golden, 
Colo.;  collected  by  Arthur  Lakes,  1890: 

Carpites  lakesii  Knowlton,  n.  sp.  ' 

Palaeoaster  similis  Knowlton,  n.  sp. 
Hoyt's  coal  mine,  1  mile  south  of  Golden,  Colo.;  col- 
lected by  Arthur  Lakes,  1890: 

Sabal  montana  Knowlton. 

Phragmites  sp. 

Ficus  arenacea  Lesquereux. 

Ficus  cockerelli  Knowlton,  n.  sp. 

Ficus  navicularis  Cockerell. 

Dombeyopsis  obtusa  Lesquereux. 
Leyden  Gulch,  east  of  road  to  Boulder  and  ^  miles 
north  of  Golden,  Colo.;  collected  by  A.  C.  Peale,  1908: 

Cyperacites  sp. 

Cyperacites?  sp. 

Sabal  moutana  Knowlton. 

Juglans  leydenianus  Knowlton,  n.  sp. 

Ficus  cockerelli  Knowlton,  n.  name. 

Ficus  navicularis  Cockerell. 

Ficus?  leyden  Knowlton,  n.  sp. 

Cinnamomum  affine  Lesquereux. 

Dombeyopsis  sp.  cf.  D.  trivialis  Lesquereux. 

Apeibopsis?  laramiensis  Knowlton,  n.  sp. 

Phyllites  leydenianus  Knowlton,  n.  sp. 

Apocynophyllum  taenifolium  Knowlton,  n.  sp. 
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Cut  on  Moffat  railroad  (Denver  <&  Salt  Lake)  at  crossing 
of  road  to  Boulder,  about  8  mile§  north  of  Golden,  Colo.; 
collected  by  A.  C.  Peale,  1908: 

Sequoia  acuminata?  Lesquereux. 

Cyperacites  sp. 

Palm,  gen.  and  sp.? 

Juglans  praerugosa  Knowlton,  n.  sp. 

Salix  myricoides  Knowlton,  n.  sp. 

Ficus  arenacea  Lesquereux. 

Ficus  cockerelli?  Knowlton,  n.  name. 

Ficus  neddalmatica  Knowlton,  n.  sp. 

Ficus  navicularis  Cockerell. 

Ficus  planicostata  Lesquereux. 

Cinnamomum  affine  Lesquereux. 

Rhamnus'^  pealei  Knowlton,  n.  sp. 

Rhamnus  salicifolius  Lesquereux. 

Phyllites  sp; 
1}  miles  west  of  Golden,  Colo.;  collected  in  1881  by 
Lester  F.  Ward.    A  hard  white  sandstone  showing  the 
following  forms: 

Sabal  montana?  Knowlton. 

FicuB  crossii  Ward. 

Ficus  arenacea  Lesquereux. 

Ficus  cockerelli  Knowlton,  n.  name. 

Ficus  navicularis  Lesquereux. 

Ficus  planicostata  Lesquereux. 

Salix  wyomingensis  Knowlton  and  C<x:kerell. 

Platanus  platanoides  (Lesquereux)  Knowlton. 
Half  a  mile  west  of  Golden,  Colo. ;  collected  by  Lester  F. 
Ward,  1881: 

Sabal  montana?  Knowlton,  fragment  only. 

About  2  miles  south  of  Golden,  Colo,;  collected  by  A.  C. 
Peale,  1908: 

Juglans  praerugosa  Knowlton,  n.  sp. 
Platanus  platanoides  (I^esquereux)  Knowlton. 
Rhamnus  salicifolius  Lesquereux. 

About  3  miles  south  of  Golden,  Colo.;  collected  by  A.  C. 
Peale,  1908: 

Ficus  navicularis  (V)ckerell. 
li  miles  south  of  Golden,  Colo. ;  collected  by  A.  C.  Peale, 
1908: 

Ficus  cockerelli  Knowlton,  n.  name. 

Ficus  sp. 

Zizyphus  hendersoni  Knowlton,  n.  sp. 

Mount  Carbon,  Morrison,  Colo.;  collected  by  Arthur 
Lakes,  1890: 

Dryopteris  carbonensis  Knowlton,  n.  sp. 

Sequoia  acuminata  Lesquereux. 

Phragmites  sp. 

Salix  wyomingensis  Knowlton  and  Cockerell. 

Hicoria  angulata  Knowlton,  n.  sp. 

Artocarpus  lessigiana  (Lesquereux)  Knowlton.  \ 

Ficus?  smithsoniana  (Lesquereux)  Lesquereux. 

Ficus  navicularis  Cockerell. 

Cinnamomum  laramiehse  Knowlton,  d.  sp. 

Rhamnus  salicifolius  Lesquereux. 

Ceanothus  ovatifolius  Knowlton,  n.  sp. 
Mount  Carbon,  Morrison,  Colo.;  collected  by  Arthur 
L^kes,  1890: 

Phragmites  sp. 

Sequoia  acuminata  Lesquereux. 


Cowan  Station,  south  of  Denver,  Colo.;  collected  by 
F.  H.  Knowlton  and  A.  C.  Peale,  1908: 

Ficus  cowanensis  Knowlton,  n.  sp. 

Dombeyopsis  obtusa  Lesquereux. 

Cornus  praeimpressa  Knowlton,  a.  sp. 

Celastrinites  sp. 

Salix  wyomingensis  Knowlton  and  C<x;kerell. 

Cinnamomum  affine  Lesquereux. 

Populus?  distorta  Knowlton,  n.  sp. 

Phyllites. 

Zizyphus  regularis  Knowlton,  n.  sp. 

Artocarpus  lessigiana  (Lesquereux)  Knowlton. 

Ficus  pealei  Knowlton,  n.  sp. 

Anona  coloradensis  Knowlton,  n.  sp. 

( Innamomum  laramiense  Knowlton,  n.  sp. 

('omus  sp. 

Cyperacites  sp. 

Ficus  apiculatus  Knowlton,  n.  sp. 

Rhamnus  salicifolius  l^esquereux. 

Ficus  praetenuinervis?  Knowlton. 

Palm,  Sabalitessp.? 
Old  Franceville  mine,  12  miles  southeast  of  Colorado 
Springs,  Colo.;  obtained  by  A.  V.  Peale,'  1873,  and  identi- 
fied by  Lesquereux: 

Sabal     campbelli?       Newberry = Sabal     montana 
Knowlton? 

Smilax  grandlfolia?    Unger=Smilax?   inquirenda? 

Quercus  sp.  =  ? 

Ficus  spectabilis  Lesquereux = Ficus  denveriana? 

Rhamnus  clebumi  Lesquereux » Rhamnus  sp. 

Paliiuiis  sp.»Zizyphus  coloradensis? 
Near  Old  Franceville  mine,  12  miles  southeast  of  Colo- 
rado Springs,  (^olo.,  from  sandstone  overlying  the  main 
(lowest)  coal,  in  south  bank  of  creek  200  feet  north  of 
high-road  bridge,  near  west  line  of  sec.  19,  T.  14  S.,  R.  64 
W.;  collected  by  A.  C.  Peale  and  M.  I.  Goldman,  1908 
[No.  19]: 

Cyperacites  sp.,  fragments. 

Myrica  torreyi  Lesquereux. 

Ficus  arenacea  Lesquereux. 

Ficus  navicularis  Cockerell. 
*  Old  Franceville  mine,  12  miles  southeast  of  Colorado 
Springs,  Colo.  [NW.  \  sec.  24,  T.  14  S.,  R.  65  W.];  collected 
by  A.  (\  Peale  and  M.  I.  Goldman,  1908  [No.  18].  This  is 
the  same  locality  as  that  at  which  Peale  made  his  collec- 
tion in  1873,  but  as  the  mine  has  long  been  abandoned, 
only  the  following  fragments  could  be  identified : 

Cinnamomum  affine  Lesquereux. 

Ficus  sp.? 

Cissus?    sp.  (base  only  preserved). 
Gehrung's  coal  mine.  Popes  Bluff,  west  of  Pikeview, 
Colo.;  collected  by  Leo  Lesquereux,*  1872: 

Sabal    campbelli?    Newberry = Sabal       montana? 
Knowlton. 

Platanus  haydenii  Newberry. 

Ficus  tiliaefolia  (Al.  Braun)==  Ficus  cockerelli? 

Dombeyopsis     obtusa     Lesquereux=s  Dombeyopsis 
obtusa. 

>  South  Park  division  [Colo.]:  U.  S.  Geol.  and  Qeog.  Survey  Terr. 
Kept,  for  1873,  pp.  203,  303, 1874. 

*  Lignltlc  formation  and  fossil  flora:  U.  S.  Geol.  and  Qeog.  Survey 
Terr.  Rept.  for  1872,  pp.  326,  375, 1873. 
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Popea  Bluff,  west  of  Pike  view,  Colo.;  collected  by  A.  C. 
Peale  and  M.  I.  Goldman,  1908: 

Pteris  goldmani  Knowlton,  n.  sp. 

Cyperacites?  teasellata  Knowlton,  n.  sp. 

Sabal  sp.  cf.  S.  montana  Knowlton? 

Smilax?  inquirenda  Knowlton,  n.  sp. 

Juglans  praerugoea  Knowlton,  n.  sp. 

Juglans  laramiensis  Knowlton,  n.  sp. 

Myrica  dubia  Knowlton,  n.sp. 

Ficns  arenacea  Lesquereux. 

Ficus  denveriana?  Cockerell. 

Ficus  cockerelli  Knowlton,  n.  name. 

Ficus  navicularis  Cockerell. 

Ficus  planicostata  Lesquereux. 

Cinnamomum  affine  Lesquereux. 

Rhamnus  salicifolius  Lesquereux. 

Rhamnus  sp. 

Zizyphus  coloradensis  Knowlton,  n.  sp. 

Dombeyopsis  obtusa  Lesquereux. 
Opposite  sand-lime   brick  works,    Pikeview,   4   miles 
north  of  Colorado  Springs,  Colo.;  collected  by  A.  C.  Peale, 
1908  [No.  24]: 

Anemia  sp. 

Ficus  arenacea?  Lesquereux. 

Ficus  navicularis  Lesquereux. 

Ficus  sp. 

Cinnamomum  affine?  Lesquereux. 

Rhamus  salicifolius  Lesquereux. 

Dombeyopsis  trivialis?  Lesquereux. 

Leguminosites  laramiensis  Knowlton,  n.  sp. 
Crow  Creek,  about  25  miles  northeast  of  Greeley,  Colo. ; 
collected  by  F.  H.  Knowlton  and  T.  W.  Stanton,  1896: 
,  Sequoia  acuminata  Lesquereux. 

Myrica  torreyi  Lesquereux. 

Platanus  platanoides?  (Lesquereux)  Knowlton. 

Dombeyopsis  obtusa  Lesquereux. 

DIFFICULTIES  IN  THE  STUDY  OF  THE  EARUEB 

COLLECTIONS. 

Much  difficulty  has  been  experienced  in 
studying  the  older  collections  from  this  region. 
For  many  years  it  was  not  supposed  to  be 
necessary  to  give  more  than  a  very  general 
locality  label — such  as  *' Golden,  Colo.,"  *'near 
Denver,  Colo.,"  as  it  was  presumed  that  all 
the  plant-bearing  beds  were  of  the  same  age. 
At  first  the  age  was  given  as  *'Lignitic"  or 
''Colorado  Lignitic,"  and  later  all  the  specimens 
were  referred  to  the  Laramie  without  distinc- 
tion. However,  when  it  was  later  demon- 
strated that  two  or  even  three  distinct  plant- 
bearing  formational  units  may  be  present  in 
the  same  section,  confusion  became  con- 
founded. It  was  the  fusion  of  horizons,  here 
and  elsewhere,  that  for  so  long  a  time  obscured 
and  negatived  any  results  that  could  be  ob- 
tained by  a  study  of  the, flora.  Consequently, 
after  the  segregation  of  the  Arapahoe  and 
Denver    formations    from    the    Laramie;    it 


naturally  became  of  the  greatest  interest  and 
importance  to  ascertain  the  extent  to  which 
the  fossil  flora  confirmed  this  differentiation  of 
horizons. 

In  the  absence  of  original  labels  or  other 
data  by  which  the  plants  can  be  connected 
with  a  definite  locality  or  horizon,  there  appear 
to  be  only  two  methods  by  which  their  posi- 
tion can  be  arrived  at — (1)  by  a  study  of  the 
lithologic  characteristics  of  the  matrix  con- 
taining the  fossils,  or  (2)  by  the  collection  of 
additional  specimens  from  beds  of  known 
position.  When  Whitman  Cross  *  established 
the  Denver  formation  he  recognized  at  once 
the  necessity  for  making  an  examination  of 
this  kind,  and  consequently  he  made  a  careful 
study  of  the  matrix  of  such  of  the  Golden 
plants  as  were  then  available.  Fortunately, 
nearly  90  per  cent  of  the  specimens  on  which 
Lesquereux  based  his  work  are  preserved  in 
the  collections  of  the  United  States  National 
Museum,  and  by  studying  the  matrix  of  each 
species  Cross  was  able  to  arrive  at  valuable 
results.  As  is  now  known,  it  is  comparatively 
easy  to  distinguish  between  the  quartzose 
sandstone  of  the  Laramie  and  the  peculiar 
yellowish-brown  andesitic  material  of  the 
Denver. 

This  study  by  Cross  was  confined  to  the 
plants  from  Golden  enumerated  by  Lesquereux 
in  his  ''Tertiary  flora"  and  "Cretaceous  and 
Tertiary  floras."  These  works  together  de- 
scribe just  100  species  from  this  locality, 
hence  numbers  express  percentages.  Cross 
was  then  able  to  find  79  species,  of  which  he 
says: 

Eighteen  occiu*  in  what  is  judged  to  be  Laramie  sand- 
stone or  shale,  and  59  in  distinct  Denver  beds  of  Table 
Mountain,  while  7  occur  in  both  rocks,  and  9  cases  are  in 
doubt.  Lesquereux  gives  horizons  for  6  species  that  were 
not  found.  By  combining  these  two  sources  of  informa- 
tion we  get  probable  indications  for  76  per  cent  of  the 
Golden  fossil  plants;  22  per  cent  came  from  true  Laramie 
strata  and  63  per  cent  from  Table  Mountain  beds;  9  per 
cent  occur  in  both  formations. 

A  few  years  later  Lesquereux  •  published  a 
short  paper  entitled  '*  Fossil  plants  collected 
at  Golden,  Colo.,'*  in  which  he  added  60 
species  to  this  flora.  There  is  no  mention  in 
this  paper  of  a  definite  horizon  or  of  an  exact 

6  The  Denver  Tertiary  formation:  Am.  Jour.  Sci.,  3d  ser.,  vol.  37,  pp. 
272-275,  1889. 

•  Lesquereux,  Leo,  Harvard  Coll.  Mus.  Comp.  Zoology  Bull.,  vol.  16, 
pp.  43-59, 1888. 
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locality  for  a  single  species  beyond  the  state- 
ment that  they  were  collected  at  Golden  and 
came  from  the  Laramie.  It  was  ascertained 
later  from  Arthur  Lakes,  who  collected  this 
material,  that  so  far  as  he  could  recall  all  cfme 
from  Table  Mountain  or  Green  Mountain, 
and  that  **none  of  them  came  from  the  prox- 
imity of  the  lower  coal  measures."  This 
material  is  the  property  of  Harvard  University 
and  has  not  been  reviewed  in  the  present  con- 
nection, but  I  saw  it  casually  some  years  ago 
and  do  not  recall  any  specimens  not  preserved 
on  the  matrix  characteristic  of  the  Denver 
formation  at  Golden. 

The  difficulty,  not  to  say  danger,  of  relying 
implicitly  on  the  matrix  to  separate  collections 
of  questioned  stratigraphic  position  is  well 
illustrated  in  the  attempts  made  to  locate  the 
early  collections  from  Coal  Creek,  east  of 
Denver.  (See  p.  90.)  This  material  is  pre- 
served on  a  very  soft  carbonaceous  sandstone 
and  was  supposed  to  have  come  either  from 
the  extreme  upper  part  of  the  Laramie  or  from 
the  Arapahoe  formation.  Recent  information 
derived  from  a  study  of  the  log  of  a  deep  well 
makes  it  probable  that  these  Coal  Creek  plants 
did  not  come  from  either  the  Laramie  or  the 
Arapahoe,  but  from  the  Denver  formation. 
The  study  of  the  matrix  of  these  plants  did 
not  and  could  not  settle  the  horizon  with 
certainty. 

Another  source  of  difficulty  in  dealing  with 
the  older  collections  has  arisen  in  the  following 
manner:  It  was  Lesquereux's  custom  to  pub- 
lish preliminary  accounts,  in  the  annual  re- 
ports of  the  Hayden  Survey  and  elsewhere,  of 
the  flora  of  various  localities  and  formations. 
These  included  new  species  more  or  less  ade- 
quately described  and  previously  known  spe- 
cies, some  of  them  European,  but  when  the 
formal  presentation  of  the  floras  was  made, 
as  in  "The  Tertiary  flora,"  or  "The  Cretaceous 
and  Tertiary  floras,"  certain  of  these  species 
were  merged  with  other  forms  and  no  syno- 
nymic record  was  made  of  such  combinations. 
It  is  thus  practically  impossible  now  to  deter- 
mine the  disposition  that  was  made  in  such 
cases,  and  this  explains  why  forms  once  re- 
ported as  present  in  a  flora  are  no  longer 
accepted,  or  if  admitted  are  so  carefully  quali- 
fied. A  case  in  point  is  offered  by  Cercis 
eocenica  Lesquereux.  In  1873  this  species  was 
85344—22 7 


named  and  imperfectly  described  from  "Erie 
mines,  Boulder  Valley,"  ^  but  so  far  as  known 
it  was  not  afterward  alluded  to  by  Lesque- 
reux. It  was  never  figured  nor  adequately 
characterized,  nor  is  there  known  to  be  a 
specimen  representing  it.  It  was  probably 
united  with  some  other  species,  but  if  so  there 
is  no  record  of  such  transfer. 

Another  example  is  furnished  by  Quercus 
lyeUi  Heer,  a  European  Tertiary  form  listed 
by  Lesquereux '  in  his  first  account  of  the 
plants  from  Marshall,  Colo.  It  was  not  men- 
tioned again  in  this  connection  and  has  not 
been  since  identified  from  that  locality. 

Still  another  series  of  errors  has  come  from 
the  obvious  mislabeling  of  localities.  Under 
the  system  at  present  employed  a  locality 
number  is  placed  on  each  specimen,  and  it  is 
practically  impossible  to  give  a  wrong  locality, 
but  in  the  earlier  days  a  single  detached  label 
was  all  that  accompanied  a  whole  collection, 
which  might  comprise  dozens  or  even  hundreds 
of  specimens.  When  such  collections  became 
mixed,  as  there  is  imdoubted  evidence  to  show 
that  they  sometimes  did,  the  only  possible  way 
in  \i4iich  the  forms  can  be  allocated  is  by  the 
matrix.  If  this  is  sufficiently  distinct  to  be 
characteristic,  the  specimens  can  be  separated 
with  a  fair  degree  of  certainty,  as,  for  example, 
when  a  specimen  labeled  "Table  Mountain, 
Golden" — which  should  be  in  the  Denver 
formation — is  found  preserved  on  the  whitish 
arkosic  sandstone  known  to  belong  to  the 
Laramie  of  the  region,  or  when  a  specimen 
preserved  on  the  andesitic  matrix  character- 
istic of  the  Denver  formation  is  labeled  "  Black 
Buttes,  Wyo.,"  where  there  is  a  somewhat 
similar  appearing  yellowish  sandstone,  the 
error  can  be  detected.  When  the  matrix  is 
the  same  or  practically  the  same,  the  case  is 
hopeless,  and  this  is  undoubtedly  the  cause  for 
much  erroneous  distribution  of  species,  both 
areal  and  vertical. 

I  have  taken  the  trouble  to  explain  at  length 
certain  of  the  difficulties  encountered  in  evalu- 
ating the  original  collections.  Many  toilsome 
hours  have  been  spent  in  trying  to  secure  a 
rational  treatment  of  this  material,  but  even 
so,  it  is  probably  too  much  to  assume  that  the 

» U.  S.  Oeol.  and  Geog.  Survey  Terr.  Rept.  for  1872,  p.  384, 1873. 
>  Lesquereux,  Leo,  [Note.«  on  fossil  plants  from  Rock  Creek,  etc.]:  Am. 
Jour.  Sci.,  2d  ser.,  vol.  45,  p.  206, 1808. 


94 


LARAMIE   FLORA  OF  THE   DENVER  BASIN. 


result  is  yet  or  ever  will  be  entirely  free  from 
errors  of  the  kind  detailed  above.  This  should 
not  be  interpreted,  however,  as  meaning  that 
all  the  older  work  was  uniformly  of  poor 
quality,  for  it  was  not,  but  it  was  pioneer  work, 
with  all  the  handicaps  incident  to  such  work, 
and  as  such  it  is  to  be  judged.  Whether  good 
or  bad,  it  is  the  foundation  upon  which  all 
subsequent  effort  must  be  built. 

SYNONYMS  AND  CHANGES  OF  INTERPRETATION. 

During  the  half  century  that  the  flora  of 
the  Laramie  formation  has  been  under  consid- 
eration by  geologists  and  paleontologists  it  has 
naturally  happened  that  there  have  been  many 
changes  in  nomenclature  and  in  interpreta- 
tion. As  the  literature  is  more  or  less  widely 
scattered  and  difficult  of  consultation,  I  have 
thought  it  might  be  of  use  to  have  all  these 
changes  brought  together.  The  users  of  this 
literature  will  have  no  difficulty  in  noting  and 
collating  the  changes  that  have  taken  placQ  by 
consulting  the  following  alphabetically  ar- 
ranged list: 

/  Acer,  fruit  and  leaves  of,  I>esquereux,  Am.  Jour.  Sci.,  2d 
ser.,  vol.  46,  p.  208,  1868;  Hayden,  U.  S,  Geol.  and 
Geog.  Survey  Terr.  [Third]  Ann.  Kept.,  p.  96,  1869 
[reprint,  p.  196,  1873].     Not  subsequently  recognized. 

Anemia  htttfdenii  (Lesquereux)  Cockerell:==^n«mta  eUnigata 
(Newberry)  Knowlton,  n.  comb. 

Arauearites  reichenbachi  Geimtz=^  Seqfwia  reicfienboM 
(Geinitz)  Heer. 

Atpidium  goldianum  Lesquereux^ Dryoptens  lesquereuxii 
Knowlton,  n.  name. 

AMpidium  JUeherif  Lesquereux,  1S70= Dryopteris  laramien- 
9is  Knowlton,  n.  name. 

AMpidium  (Lastrea)  pulchellumf  Heer,  Lesquereux,  1870= 
Dryopteris  laramiensis  Knowlton,  n.  name. 

CauliniUM fecunduB  Lesquereux =Onod«a/ecurM/a  (Lesque- 
reux) Knowlton. 

Claikropodium  mirabile  (Lesquereux)  Ward =Cyca</eow/ea 
mirabUis  (Lesquereux)  Ward. 

Cormu  incompletiu  Lesquereux,  Am.  Jour.  Sci.,  2d  ser., 
vol.  45,  p.  208,  1868;  Hayden,  U.  S.  Geol,  and  Geog. 
Survey  Terr.  [Third  Ann.  Kept.],  p.  96,  1869  [reprint, 
p.  196, 1873].  Not  described,  figured,  or  subsequently 
referred  to  by  Lesquereux. 

Ccmtu  orbifera  Heer,  Lesquereux =r'amti^  suborbifera 
Lesquereux. 

Cunninghamitesf  sp.  Knowlton,  U.  S.  Geol.  Survey  Bull. 
163,  p.  29,  pi.  5,  fig.  3,  \900=S€quoia  lon^/olia  Les- 
quereux. 

Cyoyieoidea  zamiostrobus  So\m8=  Cycadeoidea  mirabUis 
^lj»\ueTeux)  Ward. 

EHkii/mium  Mophiae  O.  Weber.  Lesquereux,  Am.  Jour. 
Hci.,  Zi  Iter.,  vol.  45,  p.  208,  1868;  Hayden,  U.  S.  Geol. 
an/l  Gerjg.  Survey  Terr.  [Third]  Ann.  Kept.,  p.  96, 
WA9  [reprint,  p.  196,  1873].  Not  subsequently  rec- 
f/gaixed  frr^mthis  locality  [Marshall,  Colo.]. 


Equiaelum    laevigatum    Lesquereux^i^TuiM^um   perlaevi- 

gatum  Cockerell. 
Ficiu  irregularis  (Lesquereux)  Lesquereux=FidM  oolora- 

densis  Cockerell. 
Ficus  lanceolata  Heer^Ficus  navictdaris  Cockerell. 
Ficus  lanceolata  Heer,  U.  S.  GeoL  Survey  Bull.  152,  p. 

102,  1898=Firu«  arenacea  Lesquereux. 
Ficus  planicosUUa  lati/olia  Lesquereux^Ftcta  eockereUi 

Knowlton,  n.  sp. 
Ficus  spectdbilis  Lesquereux =Ftcu4  denveriana  Cockerell. 
Ficus  spectabilis  Lesquereux,  in  Peale,  U.  S.  Geol.  and 

Geog.  Survey  Terr.  Rept.  for  1873,  pp.  203,  393,  1874 

^ Ficus  denveriana f  Cockerell. 
Ficus  tiliae/olia  Al.  Braun.     Lesquereux,  U.  S.  GeoL  and 

Geog.  Survey  Terr.  Rept.  for  1872,  pp.  326,  275,  1873 

= Ficus  cockerellif  Knowlton,  n.  sp. 
Ficus  uncata  Lesquereux,  Knowlton,  U.  S.  Geol.  Survey 

Bull.  152,  p.  105,  \S9S^Ficus  crossii  Ward. 
Goniopteris  polypodioides  Ettingshausen^Dryoptms  {Las- 
trea) polypodioides  (Ettingshausen)  Knowlton. 
Gymnogramma    haydenii    Lesquereux =i4nmta    elongata 

(Newberry)  Knowlton,  n.  comb. 
Juglans  rugosa  Lesquereux  (in  psai)=^  Julians  praerugosa 

Knowlton,  n.  sp. 
Juglans  smithsoniarui   Leaquereux=^ Ficus f  smithsoniana 

(Lesquereux)  Lesquereux. 
Lastrea    (Goniopteris)    goldiana    Leaquereux^ Dryopteris 

lesquereuxii  Knowlton,  n.  name. 
Lastrea   (Goniopteris)   intermedia  hesquereux^^ Dryopteris 

laramiensis  Knowlton,  n.  name. 
Lastrea  (Goniopteris)  polypodioides  (Ettingshausen)  Jjes- 

quereux,  Tertiary  flora:  U.  S.  Geol.  Survey  Terr. 

Kept.,  vol.  7,  p.  57,  pi.  4,  figs.  11, 12,  IS7S=^ Dryopteris 
.  (Lastrea)  polypodioides  (Ettingshausen)  Knowlton. 
f Lastrea  arguta  Lesquereux,  Am.  Jour.  Sci.,  2d  ser.,  vol. 

45,  p.  207,  1868=^n«nia  supercretacea  Hollick. 

Lauras  ocoteoides  Lesquereux =Lattru«  xvardiana  Knowlton. 

Myricat  lessigiana  Lesquereux =^rtocarpu«  lessigicma  (Les- 
quereux) Knowlton. 

Myricat  lessigii  Lesquereux=^rtocarpi/«  lessigiana  (Les- 
quereux) Knowlton. 

Nelumbium  jAixiea=Cycadeoidea  mirabilis  (Lesquereux) 
Ward. 

Nelumbium  tenui/olium  LeaqueTeux— Nelumbo  tenuifolia 
(Lesquereux)  Knowlton,  n.  comb. 

Paliurus  sp.  Lesquereux,  in  Peale,  U.  S.  Geol.  anfd  Geog. 
Survey  Terr.  Rept.  for  1873,  pp.  203,  398,  1874=t 
Zizyphus  coloradensis?  Knowlton,  n.  sp. 

Phragmites  oeningensis  Al.  Braun.  Lesquereux=sPAray- 
mites  laramianus  Cockerell. 

Phyllites  sulcatum  Lesquereux,  Am.  Jour.  Sci.,  2d  ser., 
vol.  45,  p.  208,  1868;  Hayden,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  [Third]  Ann.  Rept.,  p.  96,  1869  [reprint, 
p.  196,  1873]=nomen  nudum.  Neither  described, 
figured,  nor  subsequently  referred  to  by  Lesquereux. 

Platanus  haydenii  Newberry.  Lesquereux,  U.  S.  Geol. 
and  Geog.  Survey  Terr.  Rept.  for  1872,  pp.  326,  376, 
1873.     Not  subsequently  recognized. 

Pteris  gardneri  Le9queTeux=Gymnogramm/i  gardneri  (Les- 
quereux) Lesquereux. 

Quercus  angustiloba  Al.  Braun.  Lesquereux =Qii«rcu«  prae- 
angustiloba  Knowlton,  n.  sp. 
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Quercus  chlorophylla  linger.    I^esquereux,  Am.  Jour.  Sci., 

2d  aer.,  vol.  45,  p.  208,  1868;  Hayden,  U.  S.  Geol.  and 

Geog.  Survey  Terr.  [Third]  Ann.  Rept.,  p.  96,  1869 

[reprint,  p.  196,  1873].     Rejected. 
Quercus  lyelli  Heer.    Lesquereux,  Am.  Jour.  Sci.,  2d  ser., 

vol.  45,  p.  208,  1868;  Hayden,  U.  S.  Geol.  and  Geog. 

Survey  Terr.  [Third]  Ann.  Rept.,  p.  96,  1869  [reprint, 

p.  196,  1873].    Rejected. 
Rhamnu^  clehumi  I^esquereux,  in  Peale,  U.  S.  Geol.  and 

Geog.   Survey  Terr.   Rept.  for  1873,   pp.   203,   393, 

1S74= Rhamnus  ep. 
Rhamn^u     elegans     Newberry  =  Rhamntu    belmontensis 

Knowlton  and  Cockerell. 
Sabal  campbellif  Newberry.    Le8(|uereux,  U.  S.  Geol.  and 

Geog.   Survey  Terr.   Rept.   for  1872,  pp.  326,  375, 

lS73=Sabal  montanaf  Knowlton. 
Sabal  campbellif  Newberry.    Peale,  U.  S.  Geol.  and  Geog. 

Survey  Terr.  Rept.  for  1873,  pp.  203,  393,  1874= 

Sabal  montanaf  Knowlton. 
Sabalites  grayanus  (Lesquereux)  Lesquereux =^a6a/  mon- 

tana  Knowlton. 
Salix  integra  G6ppert=iSa/ia:  un/omingensis  Knowlton  and 

Cockerell. 
Smilax  grandifoliaf  Unger.     Lesquereux,  in  Peale,  U.  S. 

Geol.  and  Geog.  Survey  Terr.  Rept.  for  1873,  pp.  203, 

393,  lS74=Smilaxf  inquirendaf  Knowlton,  n.  sp. 
Sphenopteris  {Asplenium)  elongaium  Newberry=j4n«mia 

ehngata  (Newberry)  Knowlton,  n.  comb. 
Ulmusf  irregularis  Leaquereux^  Ficus  cohradensis  Cock- 
erell. 
Viburnum  platanoides  Lesquereux =P2atantM  platanoides 

(Lesquereux)  Knowlton. 
^amiostrobus  mirabilis  Lesq\ieTenx=Cycadeoidea  mirabilis 

(Lesquereux)  Ward. 

LARAMIE  PLANTS  IN  THE  DENVER  BASIN. 

The  following  is  a  complete  list  of  the  plants 
found  in  the  Laramie  formation  in  the  Denver 
Basin: 

Delesseria  fulva  Lesquereux. 

Onoclea  fecunda  (Lesquereux)  Knowlton. 

Dryopteris  georgei  Knowlton,  n.  sp. 

Dry'opteris  laramiensis  Knowlton  n.  name. 

Dryopteris  lesquereuxii  Knowlton,  n.  name. 

Dryopteris?  carbonensis  Knowlton,  n.  sp. 

Phanerophlebites  pealei  Knowlton,  n.  gen.  and  sp. 

Asplenium  martini  Knowlton,  n.  sp. 

Pteris  goldmani  Knowlton,  n.  sp. 

Pteris?  sp. 

Anemia  elongata  (Newberry)  Knowlton,  n.  comb. 

Anemia  supercretacea  Hollick. 

Anemia  sp. 

Lygodiiun?  com  pactum  Lesquereux. 

Equisetum  perlaevigatum  Cockerell. 

Dammara  sp. 

Sequoia  acuminata?  Lesquereux. 

Sequoia  reichenbachi  (Geinitz)  Ileer. 

Sequoia  longifolia  Lesquereux. 

Cycadeoidea  mirabilis  (Lesquereux)  Ward. 

Cyperacites?  hillsii  Knowlton,  n.  sp. 

Cyperacites?  tessellatus  Knowlton,  n.  sp. 

Cyperacites?  sp. 


Phragmites  laramianus  Cockerell. 

Smilax?  inquirenda  Knowlton,  n.  sp. 

Sabal  montana  Knowlton,  n.  sp. 

Juglans  leydenianus  Knowlton,  n.  sp. 

Juglans  newberryi  Knowlton,  n.  sp. 

Juglans  laramiensis  Knowlton,  n.  sp. 

Juglans  leconteana  Lesquereux. 

Juglans  praerugosa  Knowlton,  n.  sp. 

Hicoria  angulata  Knowlton,  n.  sp. 

Hicoria  minutula  Knowlton,  n.  sp. 

Myrica  torreyi  Lesquereux. 

Myrica  dubia  Knowlton,  n.  sp. 

Myrica  oblongifolia  Knowlton,  n.  sp. 

Salix  myricoides  Knowlton,  n.  sp. 

Salix  wyomingensis  Knowlton  and  Cockerell. 

Salix  brittoneana  Knowlton,  n.  sp. 

Populus?  distorta  Knowlton,  n.  sp. 

Quercus  praeangustiloba  Knowlton,  n.  sp. 

Quercus  stramineus  Lesquereux. 

Quercus  eximia  Knowlton,  n.  ap. 

Quercus  \'ibumifolia?  Lesquereux. 

Artocarpus  lessigiana  (Lesquereux)  Knowlton. 

Artocarpus  liriodendroides  Knowlton,  n.  sp. 

Ficus?  smithsoniana?  (Lesquereux)  Lesquereux. 

Ficus  pealei  Knowlton,  n.  sp. 

Ficus  planicostata  Lesquereux. 

Ficus  cockerelli  Knowlton,  n.  name. 

Ficus  planicostata  magnifolia  Knowlton,  n.  var. 

Ficus  praeplanicostata  Knowlton,  n.  sp. 

Ficus  impressa  Knowlton,  n.  sp. 

Ficus  coloradensis  Cockerell. 

Ficus  dalmatica  Ettingshausen. 

Ficus  neodalmatica  Knowlton,  n.  sp. 

Ficus?  leyden  Knowlton,  n.  sp. 

Ficus  posttrinervis  Knowlton,  n.  sp. 

Ficus  cannoni  Knowlton,  n.  sp. 

Ficus  navicularis  Cockerell. 

Ficus  multinervis?  Heer. 

Ficus  denveriana?  Cockerell. 

Ficus  croflsii  Ward. 

Ficus  cowanensis  Knowlton,  n.  sp. 

Ficus  berryana  Knowlton,  n.  sp. 

Ficus  arenacea  Lesquereux. 

Ficus?  apiculatus  Knowlton,  n.  sp. 

Aristolochia  brittoni  Knowlton,  n.  sp. 

Nelumbo  tenuifolia   (I.>esquereux)    Knowlton,    n. 

comb. 
Magnolia  marshalli  Knowlton,  n.  sp. 
Magnolia  lakesii  Knowlton,  n.  sp. 
Anona  coloradensis  Knowlton,  n.  sp. 
Anona  robusta  Lesquereux. 
Laurus  lanceolata  Knowlton,  n.  sp. 
Laurus  lakesii  Knowlton,  n.  sp. 
I^aurus  wardiana  Knowlton. 
Malapoenna  louisvillensis  Knowlton,  n.  sp. 
Cinnamomum  affine  Lesquereux. 
Cinnamomum  laramiense  Knowlton,  n.  sp. 
Platanus  platanoides  (Lesquereux)  Knowlton. 
Legiuninositee?  coloradensis  Knowlton,  n.  sp. 
Leguminoeitee  columbianus  Knowlton,  n.  sp. 
Leguminosites?  laramiensis  Knowlton,  n.  sp. 
Mimosites  marshallensis  Knowlton,  n.  sp. 
Cassia?  laramiensis  Knowlton,  n.  sp. 
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Cercis  eocenica  Lesquereux. 

CelaBtrinites  alatus  Knowlton,  n.  sp. 

Celastrinites  eriensiB  Knowlton,  n.  sp. 

CelastriniteB  cowanensis  Knowlton,  n.  sp. 

Negundo  brittoni  Knowlton,  n.  sp. 

Pistacia  eriensis  KnowltoD,  n.  sp. 

Pistacia  hollicki  Knowlton,  n.  sp. 

Ilex  laramiensis  Knowlton,  n.  sp. 

Ceanothus  eriensis  Knowlton,  n.  sp. 

Ceanothus  ovatifolius  Knowlton,  n.  sp. 

Rhamnus  goldianus?  Lesquereux. 

Rhamnus  salicifolius  Lesquereux. 

Rhamnus  minutus  Knowlton,  n.  sp. 

Rhamnus  marshallensis  Knowlton,  n.  sp. 

Rhamnus  belmontensis  Knowlton  and  Cockerell. 

Rhamnus  brittoni  Knowlton,  n.  sp. 

Rhamnus?  pealei  Knowlton,  n.  sp. 

Rhamnus  sp. 

?Paliurus  zizyphoides  Lesquereux. 

Zizyphus  coloradensis  Knowlton,  n.  sp. 

Zizyphus  hendersoni  Knowlton,  n.  sp. 

Zizyphus  corrugatus  Knowlton,  n.  sp. 

Zizyphus  minutus  Knowlton,  n.  sp. 

Apeibopsis?  laramiensis  Knowlton,  n.  sp. 

Comus  suborbifera  Lesquereux. 

Comus  praeimpressa  Knowlton,  n.  sp. 

Comus  sp. 

Ifedera  lucens  Knowlton,  n.  sp. 

Dioepyros  berryana  Knowlton,  n.  sp. 

Fraxinus?  princetoniana  Knowlton,  n.  spi 

Apocynophyllum  taenifolium  Knowlton,  n.  sp. 

Dombeyopsis  obtusa  Lesquereux. 

Dombeyopsis  trivialis  Lesquereux. 

Dombeyopsis?  sinuata  Knowlton,  n.  sp. 

Dombeyopsis  ovata  Knowlton,  n.  sp. 

Carpites  lakesii  Knowlton,  n.  sp. 

Carpites  lesquereuxiana  Knowlton,  n.  sp. 

Carpites  rhomboidalis  Lesquereux. 

Phyllites  leydenianus  Knowlton,  n.  sp. 

Phyllites  marshallensis  Knowlton,  n.  sp. 

Phyllites  trinervis  Knowlton,  n.  sp. 

Phyllites  dombeyopeoides  Knowlton,  n.  sp. 

Phyllites  sp. 

Phyllites  sp. 

Phyllites  sp. 

Palaeoaster?  similis  Knowlton,  n.  sp. 

BIOLOGIC  RELATIONS  OF  THE  FLORA. 

Tlic  Laramie  flora  as  herein  set  forth  is  not 
an  especially  rich  one  as  regards  specific  forms, 
types  of  vegetation  represented,  or  individual 
HjMfcimenH.  Most  of  the  plants  have  been 
found  in  more  or  less  direct  connection  with 
the  cjoul.  A  few  of  them  were  found  in  a 
fine-^^rained  sandstone  or  shale,  and  so  far  as 
thi*y  are  retained  in  this  matrix  they  are 
fairly  well  pniw^rved  and  admit  of  satisfactory 
Htudy.  In  some  places  the  sandstone  matrix, 
although  fine  grained,  is  so  hard  as  to  render 
it    difficult     to    procure    perfect    specimens, 


though  in  perhaps  the  most  fossiliferous  locali- 
ties the  matrix  is  a  rather  coarse-grained, 
soft  sandstone  that  crushes  or  breaks  so 
readily  that  good  material  is  the  exception. 
As  much  of  the  rock  disintegrates  rapidly  on 
exposure,  it  is  almost  impossible  to  procure 
identifiable  material  unless  it  happens  to  be 
collected  very  soon  after  it  is  brought  out. 
All  these  conditions  help  to  explain  why  so 
many  of  the  plants  appear  fragmentary. 

The  great  group  of  the  algae  is  represented 
by  a  single  more  or  less  doubtful  specimen 
that  has  been  referred  to  the  genus  Delesseria. 
This  is,  of  course,  a  very  inadequate  expres- 
sion of  the  algal  life  that  must  have  existed 
in  the  abundant  coal  swamps  and  streams  of 
the  time.  None  of  the  other  groups  of  lower 
plants  below  the  ferns — that  is,  fungi,  simple 
algae,  mosses,  hepatics,  etc. — are  repre- 
sented in  the  collections. 

The  ferns,  although  not  very  abundant  as 
individuals,  are  diversified  in  type,  being 
represented  by  8  genera  and  14  forms.  One 
of  the  most  interesting,  but  unfortunately 
also  one  of  the  most  fragmentary,  is  repre- 
sented by  the  form  for  which  the  genus  Phan- 
eropMebites  is  created.  Its  nervation  is  very 
similar  to  that  of  the  living  Phanerophlebia 
nobUia  (Aspidium  nobile  Chamisso  and  Schlech- 
tendahl)  ojid  Phanerophlebia  juglandifolia  (Will- 
denow)  J.  Smith,  both  from  Mexico.  What  is 
beUeved  to  be  the  fruiting  stage  of  an  Onodea 
is  represented  by  Onoclea  fecunda,  a  form 
originally  described  as  Caulinites,  The  sterile 
leaves  of  this  form  have  not  been  detected. 
The  largest  representation  is  found  in  forms 
referred  to  DryopteriSj  of  which  there  are  five 
species.  Perhaps  the  finest  of  these  is  the  form 
here  named  Dryopteris  georgei,  which  must 
have  been  of  rather  imposing  size  and  appear- 
ance, as  the  pinnae  must  have  been  15  or  20 
centimeters  long  and  6  to  8  centimeters  wide. 
A  small,  rather  coriaceous  form  is  described  as 
Dryopteris?  carbonensis.  The  only  form  re- 
ferred to  Asplenium  is  fragmentary,  but  to 
judge  from  the  portion  found  it  was  of  striking 
appearance ;  it  appears  to  be  rather  closely  allied 
to  a  species  in  the  Vermejo  formation  of  the 
Raton  Mesa  region.  Pteris  is  represented  by 
two  forms,  neither  of  which,  however,  is  very 
well  preserved.  The  Schizaeaceae  are  repre- 
sented by  a  single,  rather  doubtful  species  of 
Lygodium    and    three    forms    of   Anemia,    A 
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single  species  of  Equisetum  represents  the 
Equisetaceae. 

The  conifers  appear  to  have  been  an  unim- 
portant element,  as  regards  both  forms  and 
individuals,  in  this  flora,  being  represented  by 
only  two  genera  and  four  forms.  Of  these 
Dammara  is  represented  by  a  single  frag- 
mentary scale  and,  of  course,  is  of  little  im- 
portance. The  species  of  Sequoia  are  repre- 
sented by  several  leafy  branchlets. 

The  only  example  belonging  to  the  Cyca- 
daceae  is  a  beautifully  preserved  small  trunk 
now  referred  to  Cycadeoidea,  but  unfortu- 
nately its  exact  horizon  is  open  to  question. 

The  riionocotyledons  were  apparently  not 
an  abundant  element  during  the  Cretaceous 
period,  and  the  Laramie  flora  is  no  exception, 
though  the  number  and  variety  present  are 
rather  greater  than  might  have  been  expected. 
There  are,  for  example,  three  forms  of  sedge- 
like plants  described  under  the  name  Cypera- 
citesy  and  a  single  grass  with  strong,  reedlike 
stems,  designated  Phragmite^,  that  must  have 
been  a  striking  denizen  of  the  swamps.  The 
flora  contains  also  a  fairly  well-marked  leaf  of 
a  SmilaXf  and  two  species  of  palms,  one  of 
which  at  least  had  leaves  of  large  size  and 
imposing  appearance. 

The  dicotyledons  were,  of  course,  the  most 
abundant  and  diversified  elements  of  this 
flora.  Beginning  with  the  lower  or  apetalous 
groups,  we  have  five  species  of  Juglans  known 
from  the  leaves,  and  two  of  Hicoria  known 
from  the  fruits.  The  waxberries  wore  repre- 
sented by  three  or  four  forms  of  Myrica,  and 
the  willows  by  the  species  of  SaUx^  some  of 
which  were  individually  abundant.  One  spe- 
cies of  Popidus  is  described,  though  it  is  neither 
abundant  nor  very  well  marked.  The  oaks 
are  represented  by  four  forms  of  Quercus^  one 
of  which  XQ.  praeangustihba)  was  a  deeply 
lobed  leaf  of  modern  appearance. 

The  large,  mainly  tropical  family  Moraceae 
was  apparently  an  abimdai^^  a^d  diversified 
element,  embracing  two  species  of  Artocarpus 
or  breadfruit  that  possessed  very  strongly 
marked  leaves  and  21  species  of  Ficus,  The 
figs  were  not  only  more  abundant  in  species 
but  also  in  individuals,  as  there  is  hardly  a 
collection  that  does  not  contain  from  one  to 
several  species.  A  number  of  the  species  have 
leaves  of  large  size. 


Aristohchia  was  represented  by  a  single 
species  with  leaves  of  much  the  same  shape  as 
two  well-known  European  forms.  In  both 
form  and  nervation  it  approaches  an  American 
species  (A.  aipho).  To  the  Nymphaeaceae 
is  referred  a  fine  species  of  Ndurnbo  with 
large  peltate  leaves. 

The  Magnoliaceae,  although  represented  by 
two  species  of  Magnoliaj  were  neither  abundant 
nor  of  especially  strikmg  aspect,  as  the  small 
leaves  indicate. 

The  Lauraceae  embrace  three  genera  and 
five  species — Lauras  with  two,  Malapoenna 
with  one,  and  Cinnamomam  with  two.  Cinna- 
momum  affine  was  abimdant  and  widely  dis- 
tributed. 

The  Platanaceae  were  very  poorly  repre- 
sented, there  being  only  one  small-leaved  form 
and  a  doubtful  fragment  not  specifically 
named.  The  named  species  (JPlaianus  plaia- 
noides)  was  first  referred  to  Viburnum,  and  its 
reference  to  Platanus  is  not  positively  authen- 
ticated. 

The  Leguminosae  are  supposed  to  be  repre- 
sented by  three  forms  of  Leguminositesj  one  of 
MimositeSf  and  a  very  doubtful  Cercis.  The 
two  forms  of  CeUistrinites  and  one  of  Negundo 
show  little  of  special  biologic  interest.  There 
are  throe  forms  of  CornuSy  two  each  of  Anona 
and  Pistaciaj  four  of  Domheyopsisj  and  one 
each  of  Fraxinua,  Apocynophyllum,  Hedera, 
and  Ilex,  Of  the  more  or  less  indefinite 
Carpites  there  are  four,  and  of  PhyUites  about 
seven  forms. 

ECOLOGIC  RELATIONS  OF  THE  FLORA. 

After  having  briefly  reviewed  the  Laramie 
flora,  we  are  in  position  to  draw  at  least  tenta- 
tive conclusions  regarding  the  ecologic  condi- 
tions which  appear  to  have  existed  during 
Laramie  time.  As  I  have  had  occasion  to 
remark  in  another  similar  connection: 

In  estimating  the  value  of  individual  organisms  in  an 
inquiry  of  this  kind,  dependence  must  of  course  be  placed 
on  our  knowledge  of  present-day  requirements,  and  in  this 
there  is  always  the  pDSsibility  of  error  from  two  sources, 
namely,  (1)  the  organism  may  not  have  been  correctly 
placed  biologically,  and  (2)  the  requirements  in  past 
geologic  time  may  not  have  been  the  same  as  those  which 
now  dominate  the  life  activities  of  its  supposed  analogue. 
However,  when  all  of  the  elements  of  a  flora  appear  with 
apparent  unanimity  to  point  in  the  same  direction,  the 
liability  to  serious  error  is  minimized  if  not  eliminated. 
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The  presence  of  very  considerable  veins  of 
coal,  which  occur  mainly  in  the  lower  portion 
of  the  formation,  undoubtedly  calls  for  wide- 
spread and  long-continued  swamp  or  marsh 
conditions.  David  White,*  in  speaking  of  the 
physiographic  conditions  attending  the  forma- 
tion of  coal,  said: 

The  enormous  hoiizont*!  extent  of  msny  of  the  coal 
g  oupe  aa  indicated  by  the  remnftnte  now  found  in  buinB 
detached  u  the  result  of  folding  and  erosion,  the  demon- 
strated continuity  of  some  of  the  individual  coal  beds  over 
areu  of  amaEing  ei^e,  the  high  degree  nf  pirallelism  of  the 
bede,  and  the  recognition  that  the  coal  beda  were  laid  down 
beneith  a  water  cover  join  in  predicating  the  existence,  at 
the  tiire  the  coal  waa  being  fanned,  of  vast  swamps  and 
broad  but  shallow  lagoonal  areas  subject  to  subsidence  at  a 
generally  slow  rate. 

The  above  is  known  as  the  autocthonous 
(formed  in  place)  hypothesis  of  the  origin  of 
coal.  It  b  but  fair  to  state,  however,  that  the 
allocthonous  (transported)  hypothesis,  which 
ai^es  that  much  of  the  coal  may  have  been 
formed  by  floating  and  sedimentation  at  the 
bottom  of  open  lakes  or  lagoons,  has  still  an 
occasional  advocate.  In  a  recent  article  on 
"The  mode  of  origin  of  coal"  E.  C.  Jeffrey  "• 
set  forth  the  results  of  the  microscopic  exami- 
nation of  great  numbers  of  coals  from  all  parte 
of  the  world  and  from  horizons  ranging  from 
Devonian  to  Tertiary.  He  held  that  he  is  able 
to  distinguish  the  relatively  few  types  that  ap- 
pear to  have  been  formed  under  peat-swamp 
conditions  and  asserted  that  the  vast  majority 
give  evidence  of  deposition  in  open  water. 
"Coal  is  not  a  compost  heap  but  a  sedimentary 
deposit,"  he  concluded.  Be  this  as  it  may,  it  is 
not  within  the  scope  of  the  present  paper  fur- 
ther to  dbcusa  the  origin  of  coal. 

Concerning  the  interpretation  of  the  climates 
of  the  coal-forming  periods,  White  said : 

It  will  beseen  that  during  the  timesof  deposition  of  most 
of  the  p'incipal  coal  groups  the  climate  has  been  charac- 
terized by  (1)  general  mildness  of  temperature,  approach- 
ing in  meet  cases  tropical  or  subtropical  conditions:  (2)  con- 
spicuous equability  or  approximation  to  uniformity  of 
climatic  conditions,  which,  with  few  exceptions,  appear 
to  have  lacked  cold  winters  or  severe  Frosts;  (3)  a  generally 
high  humidity,  the  rainfall  being  from  moderately  heavy 
to  very  heivy  and  fairly  well  distributed  during  the  yea-, 
though  in  many  cases  there  is  evidence  of  the  occurrence 
of  dry  periods,  which,  however,  seem  ordinirily  to  have 
been  comparatively  short  and  not  severe;  (4)  an  amazingly 
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wide  geographical  distribution  of  these  genial  and  equal  le 
climatns. 

To  repeat,  then— the  abundant  presence  of 
coal  in  the  Laramie  of  the  Denver  Basin 
offers  in  itself  sufficient  proof  of  the  existence 
of  long-continued,  relatively  uniform  swamp 
or  marsh  conditions.  According  to  currently 
accepted  theories  a  larger  percentage  of  all 
coals  were  formed  by  accumulations  of  vejre- 
table  matter  under  conditions  similar  to  those 
existing  in  a  modem  peat  swamp.  The  types 
of  vegetation  that  contributed  to  the  for- 
mation of  the  coals  depend  of  course  upon  the 
geologic  period  during  which  they  were  laid 
down;  but  whatever  the  age,  the  proc«as  is 
believed  to  have  been  essentially  identira) 
throughout. 

We  may  now  examine  the  plants  found  in 
the  flora  under  discussion  to  ascertain  if 
possible  which  of  its  members  appear  to 
demand  a  habitat  that  would  make  it  a 
potential  contribution  to  or  at  home  in  such  a 
peat-producing  environment.  The  scdgelike 
plants  described  as  Ci/peracites  might  very 
well  have  found  a  home  in  such  a  swamp,  and 
the  tall,  canelike  grass  Phragmitee  is  notal>ly 
such  a  swamp-loving  plant.  Smilai — or  at 
least  the  form  to  which  the  Laramie  species 
seems  to  he  related — is  essentially  a  denizen  of 
swamps  and  low  places,  where  it  often  forms 
dense  tangles.  Equally  at  home  in  or  about  a 
swamp,  or  along  adjacent  watercourses,  would 
be  found  the  waxberries  ( Afyrica),  willows,  and 
poplars,  while  the  shallow,  ijuiet  waters 
furnished  a  congenial  surrounding  for  the 
floating  leaves  of  Nelambo.  Among  the  ferns 
there  are  several,  such  as  Onoclea,  Lygodium, 
and  Anemia,  that  might  well  have  found  a 
home  in  or  near  swnmpy  or  low  ground,  while 
the  others,  including  Asplenitirn,  Dryopterie, 
etc.,  demand  shade  and  moisture  such  as  is 
afforded  in  or  adjacent  to  low  ground. 

If  the  data  have  been  correctly  interpreted, 
the  Moraceae  formed  the  moat  conspicuous 
group  in  this  flora,  comprising  two  genera  and 
nearly  2.)  species.  Of  these  Arlocarpus  is 
rcpresentei!  by  two  very  well-marked  forms. 
The  members  of  this  genus  at  the  present 
time  demand  a  warm,  moist  habitat  such  as 
might  be  afforded  by  the  swump  we  are 
predicating.  In  the  same  way  the  several 
species  of  Ficus  call  for  like  conditions.  This 
great  swamp  may  well  have  harbored  also  the 
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two  Magnolias,  the  FramnuSy  and  possibly  the 
Zizyphns,  and  about  its  border  the  two  palms 
may  have  had  their  home. 

The  conifers  do  not  ofTer  very  definite 
evidence  and,  moreover,  are  so  rare  in  individ- 
uals that  they  could  hardly  have  been  a  con- 
spicuous element.  It  is  probable  that  they 
grew  on  adjacent  higher  ground  and  found 
their  way  into  the  deposits  through  the  agency 
of  streams.  Growing  with  them  on  higher 
ground  may  well  have  been  the  Cornns, 
QuercuSy  Jn^lans,  Hicoria,  Khamnus,  Hederaj 
Uei,  etc.,  which  complete  the  picture. 

We  may  now  proceed  to  draw  some  perhaps 
tentative  conclusions  as  to  the  climatic  con- 
ditions under  which  the  Laramie  flora  mav  be 
presumed  to  have  existed.  From  the  abundant 
presence  of  coal  and  the  apparent  require- 
ments of  the  majority  of  the  plants  enumerated, 
it  is  beyond  question  that  there  must  have 
been  an  abundance  of  moisture.  It  also 
appears  naturally  to  follow  from  the  presumed 
requirements  of  the  flora  that  the  climate  was 
warm,  at  least  warm  temperate. 

GEOLOGIC  RELATIONS  OF  THE  FLORA. 

Naturally  one  of  the  most  interesting  and 
important  phases  of  this  study  of  the  Laramie 
flora  is  the  bearing  it  may  have  on  the  inter- 
pretation of  the  age  and  stratigraphic  relations 
of  the  beds  in  which  it  occurs.  As  has  been 
so  abundantly  shown  in  the  section  on  the  his- 
torical treatment  of  the  term  Laramie,  this 
term  has  been  so  bandied  about  that  at  one 
time  its  significance  as  a  stratigraphic  designa- 
tion had  been  practically  lost  or  at  least  greatly 
obscured.  Much  of  the  earlier  paleobotanic 
work  on  the  flora  was  rendered  unavailable  for 
the  reason  that  practically  every  student  had 
a  different  concept  of  the  Laramie,  and  this 
could  only  lead  to  irreconcilable  confusion. 
The  present  study  was  undertaken  in  the  hope 
that  by  taking  a  comparatively  small  area  and 
thoroughly  working  up  its  flora,  data  might 
be  obtained  that  would  serve  as  a  basis  for 
comparison  elsewhere.  It  remains  to  be  seen 
how  far  this  desire  has  been  realized. 

The  flora  of  the  Laramie  in  the  Denver  Ba- 
sin comprises  129  forms,  of  which  74  are  here 
described  as  new  to  science,  8  forms  have  been 
regarded  as  too  fragmentary  or  obscure  to  war- 
rant being  named  specifically,  and  47  forms 
have  been  previously  named  and  described.     It 


is  to  be  notedy  however,  that  although  the  pro- 
portion of  new  forms  may  seem  to  be  large, 
manv  of  them  have  been  known  to  the  writer 
for  years;  in  fact,  the  descriptions  of  perhaps 
more  than  half  of  them  have  been  in  manu- 
script since  about  1895  and  have  been  utilized 
in  discussions  of  this  and  related  floras. 

RELATIONS  TO  THE  MONtANA  FORMATIONS. 

The  Laramie  flora,  as  might  perhaps  be  ex- 
pected, is  on  the  whole  most  closely  related, 
either  by  identical  or  obviously  related  spe- 
cies, to  the  Montana  flora,  yet  with  adequate 
collections  there  should  be  no  difficulty  in  sepa- 
rating them.  As  the  unconformity  which  sepa- 
rates the  Laramie  from  the  Arapahoe  and  Den- 
ver formations  is  believed  to  be  the  same  as 
that-  which  separates  the  Vermejo  from  the 
overlying  Raton  formation  in  the  Raton  Mesa 
region,  it  might  be  presumed  that  there  should 
be  a  close  correspondence  between  the  Laramie 
and  the  Vermejo,  but  a  critical  study  of  the 
floras  doe«  not  bear  out  this  presumption.  At 
first  it  was  thought  that  only  a  single  species 
(Rhammcft  salicifoUus)  was  common  to  the  two 
•  formations,  but  later  study  discloses  the  fact 
that  there  are  five  or  six  species  that  occur  in 
both.  Inasmuch  as  there  are  106  species  in 
the  Vermejo  and  129  in  the  Laramie,  however, 
the  relationship  obviously  is  not  very  strong. 
The  species  in  common  are  as  follows : 

Sequoia  reicbenbachi  (Geinitz)  Heer. 
Sabal  mmtana  Knowlton. 
Myrica  torreyi  Lesquereux. 
Ficus  (lalmatica  Ettingshausen. 
Ficufl  trinervis  Knowlton. 
Rhamnus  salicifolius  Lesquereux. 

'  Of  these  species.  Sequoia  reichenbachi  has  an 
almost  worldwide  distribution  and  ranges  in 
age  from  Jurassic  to  Upper  Cretaceous,  and  it 
is  therefore  of  no  importance  as  a  close  horizon 
marker.  The  known  presence  of  this  species 
in  the  Laramie  rests  on  a  few  more  or  less 
doubtful  fragments,  though  if  correctly  identi- 
fied its  rarity  has,  of  course,  no  bearing  in  the 
present  consideration.  Sabal  rnontana  is  a 
very  large  leaved  species,  perhaps  the  largest- 
leaved  Rocky  Mountain  form,  and  as  a  con- 
sequence it  is  rather  rarely  found  in  perfect 
condition.  There  is  little  doubt,  however, 
that  it  occurs  in  both  Vermejo  and  Laramie. 
Myrica  torreyi,  though  occurring  mainly  in  the 
Montana,  is  a  widely  ranging  form  and  has  even 
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been  found  in  beds  above  the  unconformity. 

Rhamnus  saluiformis  was  described  originally 

from  specimens  obtained  in  the  Laramie  and 

has  subsequently  been  found  in  the  Montana 

at  a  number  of  horizons.     The  two  species  of 

Ficus    are  well-marked   forms   and   probably 

have  been  correctly  identified  in  both  areas. 

In  addition   to   the  flora  of  the  Vermejo, 

which  is  of  course  of  Montana  age,  it  may  be  of 

interest  to  compare  the  Laramie  flora  with  the 

Montana    flora    as    a    whole.     The    following 

species  are  common  to  the  two : 

Anemia  elongata  (Newberry). 
? Anemia  supercretacea  Hollick. 
.  Sequoia  reichenbachi  (Geinitz)  Heer. 
Sequoia  longifolia  (Lesquereux)  Knowlton. 
Sabal  montana  Knowlton. 
Myrica  torreyi  Lesquereux. 
Ficus  dalmatica  Ettingshausen. 
FicuB  praetrinervis  Knowlton. 
Ficus  planicostata  Lesquereux. 
Rhamnus  salicifolius  Lesquereux. 

In  addition  to  the  species  that  are  regarded 
as  actually  identical  in  the  Laramie  and  Mon- 
tana floras,  there  are  two  that  are  obviously 
related  to  Montana  species,  Ieis  follows: 

Falaeoaster?    similis,  af!.  P.  inquirenda. 
Artocarpus  liriodendroides,  afT.  A.  dissecta. 

RELATIONS  TO  THS  "LOWSB  LAHAMTK"  OF 
CABBON  COUNTY,  WYO. 

One  of  the  most  interesting  results  brought 
out  by  this  study  is  the  close  relation  that  is 
shown  to  exist  between  the  flora  of  the  Laramie 
in  the  Denver  Basin  and  the  flora  of  the  so- 
called  ''Lower  Laramie"  (now  the  Medicine 
Bow  formation)  of  Carbon  County,  Wyo.,  and 
adjacent  areas.  The  flora  of  the  ''Lower  Lar- 
amie" at  present  known  is  confined  in  the  main 
to  the  lower  300  or  400  feet  of  beds,  and  though 
it  has  not  yet  been  fully  exploited,  the  follow- 
ing forms  at  least  are  known  to  occur: 

Apeibopsis  discolor  Lesquereux. 

Aristotochia  sp. 
•Artocarpus  lessigii  (Lesquereux)  Knowlton. 

Carpites  sp. 
•Cassia  marshallensis  Knowlton. 

Ceanothus?  sp. 

•Cinnamomum  affine  Lesquereux. 
•Cyperacites  sp.? 

Daphnogene  elegans  Watelet. 

Diospyros?  ficoidea  Lesquereux. 
•Dombeyopsis  obtusa  Lesquereux. 
•Dombeyopeis  trivialis  Lesquereux. 

Dryophyllum  of.  D.  aquamarum  Ward. 

Dryophyllum  bruneri  Ward. 


•Dryopteris  carbonensis  Knowlton. 
Equisetum,  tubers  of. 
*Ficus  arenacca  I.»esquereux. 
*  Ficus. impressa. 
*Ficu8  cuckerelli  Knowlton. 
*Ficu8  navicularis  Cockerell. 
*Ficus  planicostata?  Lesquereux. 
*Ficu8  praetriner\'i8  Knowlton. 

Ficus  pp.,  new. 

Ficus?  sp. 
*Sequoia  lon^n folia  Lesquereux. 
Geonomitcs  cf.  G.  ungeri  Lesquereux. 
Ilex?  pp. 

*Juglans  praerugosa. 
*Lauru8  wardiana  Knowlton. 

Mimosites?  sp. 

Mimosa  sp.? 
*Myrica  torreyi  Lesquereux. 

Paliurus  zizyphoides? 

Palmoxylon  sp.,  new? 
*Pecopteris  sepulta  Newberry  cf.  Hollick. 
•Phyllites  sp. 

Pistia  corrugata?  Lesquereux. 

Platanus  marginata  (Lesquereux)  Heer. 
*Platanus  platanoides  (Lesquereux)  Knowlton. 
*Rhamnus  elegans  Newberr>'. 
*Rhamnus  saliciformis  Lesquereux. 
*Sabal  montana  Knowlton. 
*Salix  elongata?  Al.  Braun. 

Salix  sp. 
•Sequoia  reichenbachi  (Geinitz)  Heer. 

Sequoia  sp. 

Woodwardia,  new,  nearest  to  W.  crenata  Knowlton. 
•Zizyphus  minimus  Knowlton. 

An  analysis  of  the  above  list  shows  that  it 
contains  48  forms,  of  which  26,  marked  with 
an  asterisk  in  the  list,  are  named  species  having 
a    distribution    outside    this    area.     Of    these 
26  species  no  less  than  25  are  found  also  in  the 
Laramie  of  the  Denver  Basin,  and  it  therefore 
seems  legitimate  to  conclude  that  the  age  of 
the  beds  is  the  same  in  the  two  areas.     As  set 
forth  at  length  on  page  60,  the  section  of  '*  Lower 
Laramie'^  rocks  has  a  thickness  of  about  6,000 
feet.     According  to  Veatch,  this  thick  section 
is  separated  from    the  overlying    beds    (now 
called  the  Ferris  formation)  by  an  unconformity 
which  he  regarded  as  profound,  because  it  was 
believed  to  have  involved  the  removal  of  more 
than  20,000   feet  of   sediments.     This  uncon- 
formity was  presumed  to  be  the  same  as  that 
which  separates  the  Laramie  from  the  over- 
lying Arapahoe  and  Denver  formations  in  the 
Denver   Basin,  but  as  a  result  of  later  work 
Bowen  would  place  this  unconformity  at  the 
top  of  the  Ferris  formation  and  not  at  its  base, 
though  not  denying  the  possibility  of  an  un- 
conformitv  at  the  base  of  the  Ferris.    That 
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this  may  be  the  correct  interpretation  finds 
physiographic  support  in  a  paper  read  by  W.  T. 
Lee"  before  the  Geological  Society  of  Wash- 
ington, entitled  "Relation  of  the  Cretaceous 
formations  to  the  Rocky  Moim tains. "  In  this 
paper  data  were  presented  to  show  that  the 
entire  marine  Upper  Cretaceous  section  was  laid 
down  imintemiptedly  over  the  area  now  occu- 
pied by  the  Rocky  Mountains.     Lee  held 

that  the  Cretaceous  eediments  of  the  Rocky  Mountain 
region  came  mainly  from  the  continental  land  mass  that 
lay  west  of  the  interior  sea  during  Cretaceous  time.  ♦  ♦  * 
Comparisons  of  published  sections  viewed  in  the  light  ol 
personal  observation  in  the  field  indicate  that  the  Cre- 
taceous formations  on  opposite  sides  of  the  mountains  and 
in  the  intermontane  basins  are  comparable  in  thickness, 
character,  and  stratigraphic  succession.  *  *  *  It  seems 
probable  that  the  interior  Cretaceous  basin,  which  includes 
the  present  Kocky  Mountain  areas,  was  a  great  geosyncline 
in  which,  until  near  the  close  of  the  Cretaceous,  the  main 
movement  was  downward,  with  minor  warpings.  It  also 
seems  probable  that  there  was  no  effective  barrier  in  the 
relatively  small  area  now  occupied  by  the  mountains  to 
prevent  the  uniform  spread  of  sediments  derived  from  the 
continental  mass  west  of  the  Cretaceous  sea. 

If,  as  Lee  contended,  the  entire  marine 
Upper  Cretaceous  section  was  laid  down  over 
the  Rocky  Mountain  area,  there  is  every  reason 
to  suppose  that  the  Laramie  was  also,  for  it  is 
everywhere  conformable  with  the  marine  beds 
on  which  it  rests;  indeed,  the  definition  of  the 
Laramie — as  the  uppermost  member  of  the 
conformable  Cretaceous  section  above  the  Fox 
Hills — demands  that  it  be  considered  with  the 
marine  portion  of  the  section.  ;  With  the  up- 
lifting of  the  Rocky  Mountains  came  erosion 
and  xmconformity.  In  the  Denver  Basin  the 
Laramie  has  a  maximum  thickness  of  approxi- 
mately 1,200  feet,  but  90  miles  to  the  south, 
in  the  Colorado  Springs  area,  it  is  reduced  to 
less  than  400  feet,  and  in  the  Raton  Mesa 
region  the  Laramie  has  entirely  disappeared 
and  the  Eocene  (Raton  formation)  there  rests 
on  the  Montana  (Vermejo  formation).  In 
North  Park,  Colo.,  the  Laramie  is  not  known 
to  be  present,  but  in  Carbon  County,  Wyo., 
the  ^* Lower  Laramie''  occupies  the  same 
stratigraphic  position  as  the  Laramie  of  the 
Denver  Basin  and  has  a  thickness  of  several 
thousand  feet.  The  strong  similarity  of  the 
floras  of  the  Medicine  Bow  and  the  Laramie  of 
the  Denver  Basin  is  interpreted  as  evidence  of 
identity  in  age. 

"  Wa>hiiigtonAcad.Sci.Jour.,  vol.5,  pp. 29-3:^,  1915;  U.  8.  Geol.  Bur- 
vey  Prof.  Paper  95,  pp.  27-58, 1915. 


For  an  account  of  the  latest  inteipretation 
of  the  stratigraphic  relation  in  Carbol^ -County 
as  worked  out  by  Bowen.  the  reader  i&  referred 
to  page  60.  '         . 

It  remains  to  be  pointed  out  that  the  fossil 
plants  support  the  contention  of  Veatch, 
perhaps  as  modified  by  Bowen,  namely,  that 
there  are  some  5,000  or  6,000  feet  of  beds  in 
the  '* Lower  Laramie,"  and  that  this  portion, 
at  least,  is  of  the  same  age  as  the  true  Laramie 
of  the  Denver  Basin.  In  my  opinion  the 
'^Lower  Laramie"  is  not  Lance.  On  the  other 
hand  I  believe  that  the  Lance  is  to  be  corre- 
lated with  a  part  of  the  '* Upper  Laramie"  of 
this  region,  a  view  supported  by  the  plants 

and  in  the  main  by  the  vertebrates  also. 

» 

BELATIONS  TO  THE  DSNVSB  FOBMATION. 

The  following  species  are  conmion  to  the 
Laramie  and  Denver  formations : 

Sequoia  acuminata  Lesquereux. 

Quercus  vibumifolia  Lesquereux. 

Ficus  coloradensis  Oockerell. 

Ficus  denveriana?  Cockerell. 

Nelumbo  tenuifolia  (Lesquereux)  Knowlton. 

Dombeyopsis  obtusa  Lesquereux. 

Laurus  wardiana?  Knowlton. 

Paliurus  zizyphoides?  Lesquereux. 

Rhamnus  salicifolius  Lesquereux. 

The  flora  of  the  Denver  formation  numbers 
about  98  named  and  described  species,  but  in 
addition  to  these  there  are  a  number  of  others 
in  manuscript  or  otherwise  recognized,  which 
will  bring  the  total  nimiber  up  to  about  226. 
Nine  species  in  conmion  is  really  a  very  small 
number. 

The  status  of  the  several  species  in  this  list 
may  be  briefly  considered.  Sequoia  acuminata 
was  described  originally  from  specimens  ob- 
tained at  Black  Buttes,  Wyo.  Its  presence  in 
the  Laramie  of  the  Denver  Basin  rests  on  a 
single,  rather  doubtful  fragment  found  at 
Cowan  station,  near  Denver,  and  its  presence 
in  the  Dawson  arkose  rests  on  a  specimen 
found  near  Templeton  Gap,  4  miles  northeast 
of  Colorado  Springs.  Fi(ms  coloradensis  is  one 
of  the  most  satisfactorily  identified  of  the  spe- 
cies occurring  in  both  Laramie  and  Denver  in 
the  Denver  Basin.  The  types  are  preserved 
in  the  characteristic  andesitic  material  from 
Golden,  Colo.,  and  it  has  been  found  in  subse- 
quent collections  from  the  same  horizons.  It 
occurs  in  the  Laramie  at  Marshall  and  1^  miles 
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south  of  .Grolden.  A  discussion  of  its  reported 
presence/i^t'  Point  of  Rocks  and  Black  Buttes, 
Wyp>,.Srill  be  found  in  the  systematic  treat- 
inenV  of  the  species  (p.  134).  Ficus  denveriana 
(F\  spectdbUis  Lesquereux)  is  essentially  a 
Denver  species,  and  its  occurrence  in  the  Lara- 
mie depends  on  a  doubtfully  determined  leaf 
from  Popes  Bluff,  near  Colorado  Springs. 
Domheyopsis  ohtusa  was  first  obtained  from  the 
Laramie  at  Popes  Bluff  and  has  since  been 
noted  in  the  Laramie  at  Coal  Creek,  Marshall, 
Hoyt's  mine,  south  of  Golden,  and  Crow  Creek, 
northeast  of  Greeley;  in  the  Dawson  arkose  at 
Pulpit  Rock;  and  in  the  Denver  at  the  Douglas 
coal  mine,  Sedalia.  Though  it  is  more  abundant 
in  the  Laramie  it  is  undoubtedly  present  in  the 
post-Laramie  beds  as  above  indicated.  Lau- 
ru8  uoardiana  is  a  rare  species,  knowii  posi- 
tively only  from  a  single  leaf  from  Gt)lden  find 
questionably  in  the  supposed  Dawson  near 
Mosby,  Colo.  Paliurus  zizyphoides  was  estab- 
lished on  material  from  Black  Buttes,  Wyo., 
and  was  reported  by  Lesquereux  to  have  been 
found  also  in  the  Laramie  at  Erie  and  the  sup- 
posed Laramie  at  Sand  Creek,  Colo.,  but  no 
specimens  from  these  localities  are  known  to 
exist.  Rhamnus  salicif alius  was  described  from 
material  obtained  in  the  Laramie  at  Marshall 
and  has  since  been  found  at  Cowan  station,  near 
Denver.  Its  presence  in  the  Dawson  arkose 
depends  on  Specimens  from  Templeton  Gap, 
near  Colorado  Springs.  It  also  occurs  in  the 
Vermejo  formation,  the  Montana  group  of 
Wyoming,  and  elsewhere. 

RELATIONS  TO  THE  ABAPAHOE  FORMATION. 

Before  it  will  be  possible  to  consider  any 
relation  between  the  flora  of  the  Laramie  and 
that  of  the  Arapahoe,  it  will  be  necessary  to 
review  with  some  care  the  present  status  of 
knowledge  concerning  the  Arapahoe  flora. 
According  to  Eldridge,  on  whom  largely  de- 
volved the  task  of  studying  the  Arapahoe 
formation  for  the  Denver  Basin  monograph, 
the  formation  was  found  to  contain  poorly 
preserved  fossil  leaves  at  a  number  of  localities 
within  the  Denver  region,  but  no  determinable 
species  were  collected.  Only  two  localities 
were  known  from  which  determinable  plants 
supposed  to  be  of  Arapahoe  age  have  been  re- 
ported— Sand  Creek,  east  of  Denver,  and  the 
vicinity  of  the  Douglas  coal  mine,  Sedalia, 
about  20  miles  south  of  Denver. 


Some  9  or  10  species  of  plants  are  recorded 
as  having  come  from  the  Sand  Creek  locality, 
all  of  which  were  obtained  by  the  earlier 
workers  in  this  field — that  is,  probably  about 
1873.  Considerable  uncertainty  has  existed  as 
to  the  exact  locality  whence  these  plants  came, 
but  apparently  important  light  is  thrown  on 
this  point  bv  a  chance  statement  made  by  A.  R. 
Marvine  "  in  his  paper  on  ''  The  gpology  of  Mid- 
dle Park,"  which  on  account  of  its  importance 
is  quoted  entire  below. 

East  of  Denver,  in  T.  4  S.,  and  probably  between  R«. 
65  and  06  W.,  a  shaft  has  been  sunk  for  some  depth  in  a 
high  l)ank  on  the  south  side  of  Sand  Creek  but  is  now 
abandoned.  The  coal  also  outcrops  on  the  bank  and  there 
appears  as  of  very  poor  quality.  Fossil  leaves  are  abun- 
dant. 

U  was  near  here  that  the  first  discoveries  of  coal  were 
made  in  Colorado,  and  the  stream  at  this  point  is  often  ' 
koown  as  Coal  Creek,  though  called  Sand  Creek  further 
down.  The  latter  name  should  be  retained,  to  prevent 
confusion  between  this  and  the  better-known  Coal  Creek 
on  the  west  side  of  the  Platte. 

About  4  miles  to  the  north,  near  Box  Elder,  on  the  Kansas 
Pacific  Railroad,  in  R.  65  W.,  T.  3  S.,  sec.  28  (?),  and 
probably  at  the  same  horizon  as  the  last,  are  two  shafts 
which  reath  coal  and  on  which  work  has  been  done  now 
and  then  for  some  years.  It  is  probably  in  one  of  these 
three  shafts  that  the  following  section  was  made  by 
VLt.  E.  B.  Mally  (quoted  by  I^esquereux  in  Hayden's 
report  for  1872,  p.  327),  and  which  seems  to  give  an  idea 
of  the  strata  near  here.    ♦    •    ♦ 

The  work  was  abandoned  on  account  of  the  poor  quality 
of  the  coal. 

That  the  above-indicated  plant-bearing  hori- 
zon is  probably  the  important  one  in  the  present 
consideration  was  still  further  indicated  by 
Marvine,  who,  after  mentioning  a  number  of 
coal  openings  in  another  direction  from  Denver, 
said:  ''The  only  others  I  have  heard  of  lie 
from  15  to  17  miles  east  of  Denver  City  and  near 
the  Box  Elder  station  on  the  Kansas  Pacific 
RailroAd."  The  assumption  seems  to  be 
justified,  therefore,  that  the  plants  labeled 
''Sand  Creek '*  probably  came  from  this  area. 

In  Lesquereux 's  "Tertiary  flora'*  the  fol- 
lowing data  are  recorded  concerning  six  of  the 
species  reported  to  have  come  from  Sand  Creek: 

Lastrea  (G.)  polypodiodes.     Sand  Creek  (W.  H.  Holmes). 
Gymnogramma  gardneri.     Roof  of  a   coal   mine,    Sand 

Creek  (A.  Gardner). 
Equisetum  laevigatum.     Sand  Creek,  8  feet  above  coal 

(W.  H.  Holmes). 
Eriocaulon?  porosum.     Sand  Creek  (W.  H.  Holmes)  with 

leaves  of  Nelumbium. 

1*  U.  S.  Geol.  and  Geog.  Survey  Terr.  Kept,  for  1873,  pp.  130, 121, 1874. 
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Nelumbium  tenuifolium.    Sand  Creek,  Colorado  (Prof.  A. 

Gardner). 
Quercus  vibumifolia.    Sand  Creek  (A.  R.  Marvine). 

These  species  are  similarly  recorded  in  the 
catalogue  of  fossil  plants  in  the  United  States 
National  Museum,  in  Lesquereux  ^s  own  hand- 
writing, so  it  may  be  presumed  that  the  state- 
ments are  correct,  at  least  so  far  as  his  informa- 
tion went.     The  species  obtained  by  Marvine 
was  doubtless  collected  on  the  occasion  of  his 
visit  there  in  1873,  but  no  data  are  available 
as  to  the  date  on  which  the  two  species  ac- 
credited   to    Prof.    Gardner    were    collected. 
W.  H.  Holmes  assisted  Marvine  in  his  geo- 
logic work  in  1873^  and  the  plants  recorded 
as  having  been  collected  by  him  were  probably 
obtained   at  that   time,   but  on  consultation 
with  Prof.  Holmes  I  find  that  he  has  now  no 
recollection  of  having  collected  the  plants,  or, 
indeed,  of  having  visited  any  coal  mines  east 
of  Denver.     This  injects  another  element  of 
uncertainty  into  the  already  sufficiently  com- 
plicated matter,  but  we  shall  probably  never 
come  any  nearer  to  a  complete  explanation. 
To  sum  up,  it  appears  in  its  final  analysis  that 
we  do  not  know  the  precise  locality  for  a  single 
one  of  these  Sand  Creek  plants,  though  in  all 
reasonable  probability  they  apparently  came 
from  the  vicinity  of  the  coal  openings  on  Coal 
or  Sand  Creek  about  15  miles  east  of  Denver; 
but  as  the  locality  is  in  doubt,  it  naturally 
follows    that    the   horizon    is    also    uncertain. 
It  was  apparently  assumed  by  Cross  that  they 
came  from  the  Arapahoe,  for  he  stated  that 
along  Sand  Creek  this  formation  rests  on  the 
Laramie,  but  according  to  the  map  showing 
the  areal  geology  in  the  Denver  Basin  mono- 
graph, the  Laramie  occurs  on  the  north  bank 
of  the  creek,  and   the  Denver  on  the  south 
bank,  no  Arapahoe  being  indicated.     Cross," 
in   discussing  the  Sand  Creek  locality,   said: 
*'The   specimens    preserved    in    the    National 
Museum    do    not    satisfactorily    indicate    the 
horizon    from    which    they    came.     It    seems 
probable  that  a  part  of  them  came  from  the 
Arapahoe  beds  and  a  part  from  the  Laramie. " 
Up  to  this  point,  from  the  data  available,  it 
appeared  to  me  that  if  any  of  the  Sand  Creek 
plants  came  from  the  Laramie  they  probably 
all  did,  and  on  this  basis  it  was  my  original 
intention  to  include  them  provisionally  in  the 

»» Cross,  Whitman.  U.  S.  Geol.  Survey  Mon,  V,  p.  225, 18%. 


present  work.  However,  important  observa- 
tions made  by  W.  T.  Lee  during  the  field  season 
of  1915  put  an  entirely  different  light  on  the 
matter  and  have  led  me  to  exclude  all  the  Sand 
Creek  species  from  both  Arapahoe  and  Laramie, 
and  to  refer  them  with  little  or  no  (|uestion  to 
the  Denver.  The  evidence  is  as  follows:  Lee 
examined  the  log  of  a  deep  well  that  has  been 
drilled  about  2^  miles  northeast  of  Coal  Creek 
(or  Sand  Creek).  This  well  starts  at  the  sur- 
face in  sandy  coal-bearing  beds  that  are  litho- 
logically  and  stratigraphically  identical  with 
the  beds  in  question  along  Sand  Creek,  and  are 
also  the  same  as  the  coal-bearing  beds  at  Scran- 
ton,  which  from  the  presence  of  coal  are  sup- 
posed to  be  in  the  upper  part  of  the  Laramie. 
Lee's  description  of  the  well  is  as  follows: 

Section  of  oil  well  east  of  Denver^  Colo.,  in  sec.  24 ^  T.  S  S., 

R.  67  W. 
Denver:  Feet. 

Clav«  sand,  and  gravel 200 

2       • 


Coal -•••U 

Clay,  sand,  and  arkose.  [  ^^^1°° 
Coal 


I 


248 
4 


Sand,  gravel,  and  clay 346 

Arapahoe: 

'  Conglomerate 50 

Laramie: 

Soft  blue  shale 175 

Sandstone  and  shale  alternating. . .  275 

Shale,  light  colored 140 

Shale,  dark  colored 35 

Brown  shale 65 

Coal 10 

Fox  Hills: 

Massive  sandstone  contanin<;   ar- 
tesian water 130 

Shale 10 

Sandstone 20 

Pierre: 

Shale  and  limestone  (shells) 1, 500 -r 

The  facts  brought  out  b}-  this  well  record  arc 
of  far-reaching  significance.  It  shows  that  the 
Scranton  coal,  heretofore  thought  to  be  in  the 
up-^er  part  of  the  Laramie,  is  about  350  feet 
above  what  is  believed  to  be  the  Arapahoe  con- 
glomerate. This  conglomerate  is  about  50  feet 
thick.  It  also  appears  that  the  Scranton  coal 
is  more  than  400  feet  above  beds  that  can  with 
reasonableness  be  referred  to  the  Laramie,  and 
more  than  1.000  feet  above  the  main  Laramie 
coal.  The  thickness  of  beds  between  the 
Scranton  coal  and  the  main  Laramie  coal  is  not 
of  particular  significance  in  view  of  the  fact 
that  the  maximum   thickness  previously   as- 
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signed  to  the  Laramie  in  this  area  was  ahout 
1,600  feet.  The  crucial  point  is  the  disclosure 
of  the  Arapahoe  conglomerate  between  the  two 
coal  horizons,  which  naturally  tends  to  decrease 
the  observed  thickness  of  the  Laramie  strata. 

The  other  supposed  locality  for  Arapahoe 
plants — namely,  that  near  the  Douglas  coal 
mine,  west  of  Sedalia — may  now  be  considered. 
As  this  is  at  or  near  the  type  locality  for  the 
Arapahoe  there  should  apparently  be  no  ques- 
tion as  to  its  relation,  but  it  appears  from  the 
work  of  G.  B.  Richardson,  who  critically  stud- 
ied this  area  in  1910-11,  that  the  Arapahoe 
occupies  the  stratigraphic  position  of  the  Daw- 
son arkose  arid  in  fact  interdigitates  with  the 
lower  part  of  it.  Concerning  this  point  Rich- 
ardson '*  wrote  as  follows:  ''It  was  found  that 
the  lower  part  of  the  Dawson  arkose  seems  to 
pass  along  the  strike  into  the  Arapahoe  and 
Denver  formations;  that  the  Dawson  and 
Arapahoe  can  not  be  separated  lithologically, 
even  at  the  type  locality  of  Arapahoe,  on  the 
bluffs  of  Willow  Creek.''  This  conclusion  does 
not,  of  course,  affect  the  stratigraphic  relations 
of  the  plant-bearing  beds,  and  it  is  unimportant 
whether  the  beds  are  to  be  called  Arapahoe  or 
Dawson,  as  they  are  separated  from  the  under- 
lying Laramie  by  an  unconformity  marking  a 
considerable  time  interval. 

Below  is  a  tentative  list  of  the  plants  from 
the  Douglas  mine  locality  as  worked  up  about 
12  years  ago.  Additional  material  not  yet 
studied  may  necessitate  slight  changes,  though 
it  is  not  presumed  that  these  will  greatly  affect 
the  result. 

Acer  trilobatum  prod uc turn. 
Aspleoium  erosum. 
Berchemia  multinervis. 
CissuB  laevigata. 
CisBUs  lobato-crenata. 
Dicksonia,  new. 
Dioflpyros  brachysepala? 
Dombeyopsis  obtusa. 
Dombey opals,  new. 
Dryopteris  lakesii. 
Dryopteris  lesquereuxii? 
Ficus  planicostata. 
Ficus,  new. 
Hicoria?  ep. 
Laurus  primigenia. 
Nelumbo  lakesii. 
Nelumbo,  new. 
Phyllites,  new. 
Quercus,  new. 

>«  Richardson,  O.  B.,  The  Monument  Creek  group:  Qeol.  Soc.  America 
Bull.,  vol.  23,  p.  374,  1912. 


Viburnum,  new. 
Woodwardia  latiloba. 

It  will  be  seen  at  once  that  this  is  essentially 
a  Denver  flora,  with  only  two  species  that 
occur  in  the  Ijaramie — Dombeyopsis  ohtusa  and 
Ficvs  planicostata.  Both  of  these  species  have 
already  been  several  times  mentioned  as  passing 
from  Laramie  into  post-Laramie  beds. 

BSLATIONS  TO  THE  LANCE  FOBMATION. 

It  is  difficult  at  present  to  make  an  accurate 
and  wholly  satisfactory  comparison  between 
the  flora  of  the  Laramie  in  the  Denver  Basin 
and  the  flora  of  the  Lance  formation.  This 
difficulty  arises  from  the  fact  that  the  Lance 
flora  has  not  yet  been  thoroughly  worked  up 
and  described.  It  is  known  that  the  Lance 
flora  comprises  approximately  125  forms.  It 
is  possible  that  when  this  flora  has  been  fully 
described,  the  number  of  species  found  to  be  in 
common  with  the  Laramie  may  be  slightly 
increased  over  the  number  given  below,  but  it 
is  improbable  that  they  will  be  increased  to  as 
many  as  twice  that  number.  Another  diffi- 
culty in  the  way  of  making  an  accurate  com- 
parison between  these  two  floras  is  the  uncer- 
tainty that  still  attaches  to  certain  of  the  locali-* 
tics  that  have  afforded  some  of  the  supposed 
Lance  plants.  It  is  perhaps  unnecessary  to 
state  that  there  has  been — and  indeed  still  is — 
more  or  less  uncertainty  in  fixing  the  limits 
of  the  Lance  formation,  though  the  difficulty  is 
much  greater  in  fixing  the  upper  limit  than  it  is 
in  fixing  the  lower  limit.  Be  this  as  it  may, 
the  species  mentioned  below  are  the  only  ones 
that  are  at  present  recognized  as  passing  from 
the  Laramie  into  the  Lance. 

Equisetum  perlaevigatum. 
Myrica  torreyi. 
Ficus  planicostata. 
Oinnamomum  affine?? 
Rhamnus  salicifolius. 
Platanus  platanoides. 
Quercus  vibumifolia? 

A  discussion  of  these  species  may  be  of 
interest.  Thus,  Equisetum  laevigatum  (now 
perlaevigatum)  was  reported  by  Hollick  from 
the  so-called  ^'Hell  Creek  beds''  (Lance)  in 
the  vicinity  of  Hell  Creek,  Mont.  In  the  de- 
scriptive part  of  this  paper  (p.  113)  it  is  stated 
that  this  species  was  founded  on  two  speci- 
mens, one  of  which  (from  Sand  Creek,  Colo., 
in  beds  now  believed  to  be  of  Denver  age)  is 
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probably  only  a  piece  of  bark,  and  the  other 
(from  the  true  Laramie  at  Golden,  Colo.)  is 
based  on  a  portion  of  an  underground  stem 
of  an  Equwetum  with  characters  so  poorly 
defined  that  the  advisability  of  retaining  it 
is  open  to  question.  It  is  not  to  be  doubted 
that  tbere  are  Equisetum  stems  in  the  "Hell 
Creek  beds,"  but  the  propriety  of  identifying 
them  with  Equiaetum  perlaevifiatvm  may  well 
be  questioned.  Rkamnua  salidfolius  is  an- 
other of  tlie  forms  identified  by  HoUick  in 
the  "Hell  Creek  beds."  This,  together  with 
Myrica  torreyi,  is  well  known  as  a  species  en- 
joying a  wide  vertical  range.  Ficus  plani- 
costata  is  also  a  species  of  considerable  ver- 
tical range.  It  is  extremely  rare  in  the  Lance 
formation,  and  its  identification  is  not  be- 
yond question.  The  identification  of  Oinna- 
Tiwmum  affine  rests  on  its  doubtful  presence  in 
the  Kingsbury  conglomerate,  east  of  the  Big 
Horn  Mountains,  Wyo.,  and  Quercus  vibumi- 
folia  was  identified  with  question  at  Forsyth, 
Mont. 

In  a  paper  published  in  1909'"  I  listed  11 
species  that  were  at  that  time  believed  to  be 
common  to  the  Laramie  and  Lance  forma- 
tions. The  species  additional  to  those  in  the 
above  list  are  Ficiut  trinervis,  FlabeUaria 
eocenica,  SabalUes  grayantts,  and  Juglana 
rugosa.  According  to  present  understanding 
neither  Ficus  trinervis  nor  JugUnis  nigoaa  is 
known  in  the  Laramie  of  the  Denver  Basin. 
The  two  palms  may  be  the  same  as  the  Mon- 
tana and  Laramie  form  known  as  Sabal 
moniana,  but  there  is  usually  difficulty  in  cer- 
tainly identifying  remains  of  palms. 

From  this  brief  account  it  appears  that 
there  are  not  now  known  to  be  more  than 
four  or  five  species  of  plants  that  are  common 
to  the  Laramie  and  Lance,  and  when  it  is 
recalled  that  there  is  about  the  same  number 
of  species  in  the  two  floras,  it  is  seen  that  the 
relationship  between  these  floras  is  not  a 
strong  one. 


In  the  major  portion  of  the  Atlantic  Coastal 
Plain  the  uppermost  Cretaceous  is  believed  to 
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be  either  lower  in  position  than  the  Laramie, 
or  where  the  section  is  more  nearly  com- 
plete— as  in  the  northern  portion — it  is  a 
marine  deposit  and  not  plant-bearing. 


The  Cretaceous  system  is  very  considerably 
developed  in  Greenland,  reaching  a  thickness 
of  approximately  4,000  feet.  The  area  of 
exposure  includes  Disco  Island  and  the  Nug- 
suak  Peninsula  and  is  a  belt  about  75  miles 
wide  along  the  deeply  indented  coast  line 
from  latitude  69°  15'  to  72°  15'  N.  The  beds 
at  many  places  are  very  fossiliferous  and  have 
yielded  altogether  more  than  350  species  of 
plants,  which  were,  in  the  main,  elaborated 
by  Oswald  Heer  in  his  well-known  "Flora 
fossilis  arctica,"  comprising  seven  quarto 
volumes,  published  in  1868  to  1883.  On  the 
basis  of  the  plants,  Heer  divided  the  Cre- 
taceous into  three  series.  A  lower  division, 
called  the  Kome  series,  with  a  flora  of  88 
species,  was  correlated  with  the  Urgonian  of 
Europe;  a  middle  division,  the  Atane  series, 
with  177  species  of  plants,  was  correlated 
with  the  Cenomanian;  and  an  upper  division, 
the  Patoot  series,  with  a  flora  of  123  species, 
was  correlated  with  the  European  Senonian 
and  the  Fox  Hills  of  the  United  States.  Above 
this  in  other  parts  of  the  Arctic  region  is  a  con- 
siderable thickness  of  Tertiary  beds,  also  with 
an  abundant  flora,  which  constitute  the  so- 
called  Arctic  Miocene,  now  very  generally  re- 
ferred to  the  Eocene. 

The  Atane  and  Patoot  series  have  a  com- 
bined thickness  of  at  least  1,300  feet,  and 
probably  considerably  more.  There  is  no 
sharp  line  of  demarcation  between  them,  the 
boundary  having  been  drawn  by  Heer  purely 
on  paleontologic  grounds. 

Although  Heer  definitely  correlated  the 
Patoot  series  with  the  Senonian,  White  and 
Schuchert,"  who  visited  the  region  in  1897, 
expressed  the  view  that  there  was  a  transition 
without  sedimentary  break  into  the  overlying 
Tertiary.  These  writers  also  stated  that  the 
Patoot  series  contains  "many  plants  common  to 
the  upper  part  of  the  Amboy  clays,  with 
others  allied  more  closely  to  the  higher  Cre- 
taceous flora,  such  as  that  of  the  Laramie." 
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Subsequent  study  of  the  Laramie  flora, 
however,  does  not  bear  out  this  suggestion, 
for  so  far  as  now  known  the  two  floras  contain 
no  species  in  common.  This  is  also  the  view 
reached  by  Berry,'^  who  pointed  out  that  of  the 
123  Patoot  species  20  occur  in  the  Dakota 
sandstone,  22  in  the  Raritan,  19  in  the  Mago- 
thy,  8  in  the  Tuscaloosa,  and  4  in  the  Black 
Creek  formation.  He  says:  **The  large  num-' 
ber  of  Atane  species  present  (34),  as  well  as 
the  numerous  Dakota,  Raritan,  and  Magothy 
species,  precludes  considering  the  flora  as 
young  as,  for  example,  the  Laramie.'' 

It  may  be  accepted,  then,  that  the  Laramie 
flora  is  younger  than  that  of  the  Patoot  series 
and  there  is  little  or  no  relation  between  them. 

BSLATIONS    TO    THB   UPPSB    CBXTACEOUS    OF 

EUBOPS. 

As  a  preliminary  to  the  consideration  of  the 
possible  relations  between  the  flora  of  the 
Laramie  and  such  floras  as  are  available  in  the 
European  Upper  Cretaceous,  it  may  be  of 
interest  to  give  a  brief  tabular  view  of  the 
Upper  Cretaceous  section  that  is  now  quite 
generally  accepted.  It«  is  taken  in  the  main 
from  the  fifth  edition  of  De  Lapparent's 
Geology : 

Danian. 

Aturian('f*««t"*?'»^|Upp6r  Senonian. 
ICampanian     J 

Emflcherian/^*'^.^^! Lower  Senonian. 
\Goniaciani 

TuroniiuJ^fHSoymian. 

\Ligenan. 

Cenomanian. 

The  Campanian,  the  lower  division  of  the 
Aturian  (Upper  Senonian),  is  thought  to 
correspond  approximately  to  the  Pierre  shale 
and  the  Fox  Hills  sandstone  of  the  United 
States.  The  Maestrichtian,  which  constitutes 
the  upper  division  of  the  Aturian  (Upper 
Senonian),  together  with  the  Danian,  corre- 
sponds to  the  Laramie,  at  least  in  position. 
The  Maestrichtian  is  abundantly  plant-bearing 
at  a  number  of  localities,  especially  in  the 
Miinster  Basin  of  Westphalia.  The  plants 
from  these  localities — Sendenhorst,  Haldene, 
Lunfiide,    etc. — were    studied    and    described 

"  B«T>',  E.  W.,  Maryland  Ceol.  Survey,  Upper  Cretaceous,  p.  196, 
1916. 


specially   by   Hosius  *■    and    by   Hosius    and 
Von  der  Marck.*" 

E.  W.  Berry,*®  in  a  chapter  on  the  Upper 
Cretaceous  floras  of  the  world,  has  compiled 
a  complete  list  of  the  Maestrichtian  flora  of 
the  Mdnster  Basin,  which  is  as  follows: 

Apocynophyllum  cuneatum  HoduB  and  Von  der 

Marck. 
Apocynophyllum  Bubrepandum  Von  der  Marck. 
Aralia  denticulata  Hoeius  and  Von  der  Marck. 
Cf.  GeanothuB  sp. 

Chondrites  furcilentus  latior  Von  der  Marck. 
Chondrites  intricatUB  Stembexg. 
Chondrites  jungifornus  Debey  and  Ettingshausen. 
Chondrites  polymorph  us  Hosius  and  Von  der  Marck. 
Chondrites  subcurvatus  Hosius  and  Von  der  Marck. 
Comp tenia  tenera  Hosius  and  Von  der  Marck. 
Cunninghamites  elegans  (Corda)  Endlicher. 
Cunninghamites  squamosuB  Heer. 
Dewalquea  gelindensis  Saporta  and  Marion. 
Dewalquea  haldemiana  Saporta  and  Marion. 
Dewalquea   haldemiana   angustifolia   Hosius.  and 

Von  der  Marck. 
Dewalquea  haldemiana  latifolia  Hosius  and  Von 

der  Marck. 
Dewalquea  insignis  Hosius  and  Von  der  Marck. 
Dryandroides   haldemiana   Hosius  and   Von   der 

Marck. 
Dryandroides  macrophylla  Hosius  and  Von  der 

Marck. 
Eolirion?  nervosum  Hosius  and  Von  der  Marck. 
Eolirion  primigenum  Schenck? 
Eolirion?  subfalcatum  Hosius  and  Von  der  Marck. 
Eucalyptus  haldemiana  Debey. 
Eucalyptus  inaequilatera  Von  der  Marck. 
Ficus  angulata  Hosius  and  Von  der  Marck. 
Ficus  densinervis  Hosius  and  Von  der  Marck. 
FicuB  lauiifolia  Hosius  and  Von  der  Marck. 
Frenelopsis  kdnigii  Hosius  and  Von  der  Marck. 
Haliserites  contortuplicatus  Von  der  Marck*. 
LauruB  affinis  Hoeius  and  Von  der  Marck. 
Myrica  leiophylla  Hosius  and  Von  der  Marck. 
Myrica  primaeva  Hosius  and  Von  der  Marck. 
Cf.     Myrtophyllum     cryptoneuron    Saporta    and 

Marion. 
Nerium  rdhlii  Von  der  Marck. 
Cf .  Oreodaphne  apicifolia  Saporta  and  Marion. 
Osmunda  haldemiana  Hosius  and  Von  der  Marck. 
PinuB  monasteriensis  Hosius  and  Von  der  Marck. 
Populus  tremulaeformis  Hosius  and  Von  der  Marck. 
Pisidonia  cretacea  Hosius  and  Von  der  Marck. 
Quercus  asymetia  Hosius  and  Von  der  Marck. 


1"  Hosius,  A.,  Die  in  der  We^triLlischen  Krelderormatian  vorkommen 
den  Pflanzenre.'^tG  MUnster,  pp.  1-34,  1809:  Ueber  einige  Dicotyledonen 
der  WestfMlischen  Kreideformation:  Palaeontographica,  vol.  17,  pp. 
83-104,  pis.  12-17,  1869. 

!•  Hosius,  A.,  and  Von  der  Marck,  Die  flora  der  We^tf&lLachen  Kreide- 
formation: Palaeontographica,  vol.  2t>,  pp.  125-266,  pis.  24-44,  1880. 

»  Maryland  Geol.  Survey,  Upper  Cretaceous,  p.  283,  1916. 
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QuercuB  castanoides  Hoeiua  and  Von  der  Marck. 
Quercus  dryandraefolia  Von  der  Marck. 
Quercus  euryphylla  Hoeius  and* Von  der  Marck. 
Quercufl  formosa  HosiuB  and  Von  der  Marck. 
Quercus  heiracifolia  Hoeius  and  Von  der  Marck. 
Quercus  iliciformis  Hosius  and  Von  der  Marck. 
Quercus  rhomboidalis  Hosius  and  Von  der  Marck. 
Quercus  sphenobasis  Hosius  and  Von  der  Marck. 
Quercus  westfalica  latior  Hosius  and  Von  der  Marck. 
Quercus  westfalica  oblongata  Hosius  and  Von  der 

Marck. 
Quercus  westfalica  obtusata  Hosius  and  Von  der 

Marck. 
Cf.  Rhamnus  sp. 

Sequoia  reichenbachi  (Geinitz)  Heer. 
Taenidium  alysoides  Hosius  and  Von  der  Marck. 
Tetraphyllum  dubium  Hosius  and  Von  der  Maick. 
Thalassocharis    westfalica   Hoeius    and    Von    der 

Marck. 

This  flora  comprises  56  forms,  only  one  of 
which,  Sequoia  reichenbachi^  \a  found  in  the 
Laramie.  This  is  without  special  significance, 
for  this  species  enjoys  a  world-wide  distribu- 
tion and  r^^nges  in  age  from  Jurassic  to  upper- 
most Cretaceous.  A  number  of  genera,  such  as 
Ficus,  LauruSf  Myrica,  Popnlua,  and  Quercus, 
are  common  to  the  two,  but  the  species  are  all 
perfectly  distinct  and  apparently  unrelated. 
It  appears  to  the  writer  that  the  Maestrichtian 
flora  is  much  more  closely  related  to  the 
Montana  flora.  This  is  especially  shown  by 
the  conmion  presence  of  certain  conifers,  such 
as  Cunninghamitea,  Frenelopais, .  and  Sequoia 
reichenbachi.  Be  this  as  it  may,  the  Mae- 
strichtian certainly  has  no  particular  relation- 
ship with  the  flora  of  the  Laramie. 

THE  FLORA. 

Phylum  THALLOPHTTA. 

Delesseria  Ailva  Lesqiiereuz. 

Plate  I,  figure  4  (type). 

Deluaeria  fulva  Lesquereux,  U.'  S.  Geol.  and  Geog.  Sur- 
vey Terr,  Ann.  ftept.  for  1872,  p.  376,  1873;  idem 
for  1873,  p.  379,  1874;  idem  for  1876,  p.  496,  1878; 
Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  7,  p.  39,  pi.  1,  fig.  10,  1878.  [Lesquereux's 
original  figure  of  the  type  is  here  reproduced.] 

The  type  of  this  species  is  No.  9  of  the  United 
States  National  Museum  collection  of  fossil 
plants  and  appears  to  be  the  only  example 
ever  obtained.  It  is  preserved  on  a  fine- 
grained hard  white  sandstone,  on  which  it 
stands  out  in  bold  relief,  being  itself  of  a 
reddish-brown  color. 


Occurrence:  Laramie  formation,  Golden, 
Colo.,  under  or  between  coal  beds. 

Phylum  PTEBIDOPHTTA. 

Order  lUJCALSS. 

FamUy  POLTPODIACKfi. 

Onodea  fecunda  (Lesquereux)  Knowlton. 

Plate  I,  figures  2,  3. 

Caulinites  feciindus  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1872,  p.  384,  1873; 
idem  for  1873,  p.  380,  1874;  idem  for  1876,  p.  501, 
1878;  Tertiary  flora:  U.  S.  Geol.  Survey  Terr. 
Rept.,  vol.  7,  p.  101,  pi.  14,  figs.  1-3,  1878.  [Les- 
quereux's  original  figures  are  here  reproduced.] 

Onoclea  fecunda  (Lesquereux)  Knowlton,  U.  S.  Geol. 
Survey  Bull.  152,  p.  153,  1898. 

Fertile  frond  contracted,  closely  pinnate; 
main  rachis  broad  (2  millimeters),  smooth, 
divided  into  opposite  erect  branches  which 
bear  on  each  side  thickly  set  short-pediceled 
simple  spherical  *' capsules'*  (sporangia);  sterile 
portion  not  known. 

The  type  specimens  of  this  plant  are  pre- 
served m  the  United  States  National  Museum 
(Nos.  120,  121).  Theh"  original  reference  to 
the  genus  Caulinites  was  a  matter  of  uncer- 
tainty, for  Lesquereux  in  his  first  mention 
says,'^  **This  relation  to  species  of  our  time 
is  unknown, ''  and  later  "  adds: 

It  is  very  questionable  if  these  fine  fruiting  branches 
may  be  referred  to  this  g6nus.  They  have  this  in  common 
only— a  monospermous  (?)  nucula  with  a  cellulose  enve- 
lope. As  I  have  been  unable  to  find  either  in  the  fossil 
species  described  until  now  or  in  the  collection  of  living 
plants  which  I  was  able  to  consult  anything  to  which 
they  had  apparent  relation,  I  have  left  them  in  this  as 
yet  vaguely  defined  genus. 

No  additional  material  has  been  obtained 
since  that  described  by  Lesquereux,  and  it  is 
perhaps  hazardous  to  transfer  these  specimens 
to  another  genus,  but  all  things  being  taken 
into  account,  the  suggestion  of  the  late  Joseph 
F.  James "  that  they  closely  resemble  the 
fruiting  frond  of  the  living  Onoclea  sensihUis 
seems  to  justify  the  change.  When  the  fossil 
and  living  plants  are  placed  side  by  side  it  is 
seen  that  the  resemblance  is  striking  and 
suggestive.  The  fossil  has  the  same  pinnate 
branching    and    opposite,    contiguous,    short- 

«  U.  S.  (Jejl.  and  (Jog.  Survey  Terr.  Ann.  Rept.  for  1872,  p.  384, 1873. 
«The  Tertiary  flora:  U.  9.  Oeol.  Survey  Terr.  Rept.,  vol.  7,  p.  101, 
1878. 
«»  Science,  vol.  3,  p.  4:«,  flg.  la,  1884. 
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pediceled  ''capsules"  as  the  living  species. 
The  living  form,  as  is  well  known,  has  the 
fertile  pinnules  rolled  up  into  berry-Uke  bodies, 
on  the  outside  of  which  thick  veins  are  very 
prominent.  In  the  fossil  this  feature  is  appar- 
ently absent.  Considering  the  fact  that  this 
fruiting  portion  has  been  found  only  once,  it  is 
not  strange  that  the  sterile  portion  remains 
unknown. 

A  species  that  has  a  somewhat  similar  history 
has  been  found  in  the  Raritan  and  Magothy 
formations  of  southern  New  York  and  the 
islands  south  of  the  New  England  mainland. 
It  was  first  described  as  Caidinites  inquirendus 
HoUick  **  and  later  transferred  to  Onodea  '* 
on  the  ground  of  its  resemblance  to  the  species 
under  consideration.  Like  our  form,  it  has 
pinnately  arranged  branches  with  the  spheroi- 
dal ''capsules"  in  a  single  row  on  each  side,  and 
associated  sterile  fronds  have  not  been  found 
with  it. 

One  of  the  most  abundant  and  widely  dis- 
tributed plants  of  the  Fort  Union  formation 
is  a  fern  that  can  not  be  distinguished  from  the 
living  sensitive  fern,  Onodea  sensibUis.  It 
occurs  at  some  localities  by  himdreds,  but  in 
only  one  known  place  in  all  the  vast  area 
covered  by  the  Fort  Union  formation  has  it 
been  found  fruiting.  In  a  small  collection 
obtained  near  Porcupine  Butte,  Sweetgrass 
County,  Mont.,  there  were  many  of  the  usual 
sterile  fragments,  and  associated  with  them  a 
few  fertile  fronds.**  A  comparison  of  these 
fertile  fronds  with  the  Laramie  specimens  under 
consideration  shows  a  close,  at  least  generic 
similarity. 

Thus,  as  at  present  provisionally  marked 
out,  our  knowledge  of  the  geologic  history  of 
the  living  sensitive  fern  may  stand  as  follows : 

Onoclea  inquirenda  Ilollick Raritan. 

Onoclea  neo-mexicana  Knowl-    Montana. 

ton. 
Onoclea  fecunda  (Lesquereux)     Laramie. 

Knowlton. 
Onoclea  Hensibilis  foasilis  New-    Fort  Union. 

berry. 
Onoclea  sensibilis  Linn6 Living. 


«  Holll  k,  Arthur,  New  York  Dot.  Oard.  Bull.,  vol.  3,  p.  40',  pi.  20, 
flg.  3,  19(M. 

»  Hollick,  Arthur,  U.  S.  (;eol.  Suney  Mon.  50,  p.  32,  rl-  1.  H-  1-7, 
IQT). 

»  Knowlton,  F.  H.,  Torrey  Hot.  ( lub  Hull.,  vol.  29,  p.  705,  p.  26,  figs, 
1  4.  19(>2. 


Occurrence:  Laramie  formation,  Erie, 
Boulder  County,  Colo.,  collected  by  Leo  Les- 
Quereux  about  1872. 

Dryopteris  georgei  Knowlton,  n.  sp. 

Plate  I,  figures  6,  7. 

Fronds  probably  of  large  size  but  the  com- 
plete outline  unknown,  though  apparently  it 
was  at  least  thrice  pinnatified;  main  rachisnot 
sure;  secondary  rachis  strong,  straight,  grooved; 
pinnae  apparently  lanceolate;  pinnules  numer- 
ous, very  close,  alternate  or  subopposite, 
narrowly  linear-lanceolate,  sessile,  narrowly 
acuminate  at  apex,  cut  into  numerous  small, 
oblong,  rather  obtuse  lobes,  the  cutting  being 
made  less  toward  the  apex;  nervation  fairly 
strong,  consisting  of  a  stout  midvein  and  five 
or  six  pairs  of  once-forked  veins;  fruit  not 
seen. 

This  fine  species,  which  I  am  able  to  include 
by  the  courtesy  of  Prof.  R.  D.  George,  of  the 
University  of  Colorado,  is  all  that  has  been 
found,  and  although  a  considerable  portion  of 
the  frond  is  preserved  it  was  evidently  of 
much  larger  size  when  perfect.  Two  of  the 
pinnae  are  parallel  and  lie  in  such  a  position 
as  to  suggest  that  they  were  attached  to  a 
common  rachis,  in  which  case  the  whole  frond 
must  have  been  of  imposing  appearance.  The 
pinnae  appear  to  have  been  15  or  20  centi- 
meters in  length  and  7  or  8  centimeters  in 
width.  The  pinnules,  as  already  noted,  are 
narrowly  linear-lanceolate,  their  length  being 
4  or  5  centimeters  and  their  width  about  1 
centimeter  at  base;  they  begin  to  narrow  near 
the  middle  and  become  narrowly  acuminate 
at  the  apex. 

The  coriaceous  appearance  of  the  frond  and 
its  rather  strict  aspect  suggest  the  probability 
that  it  was  of  xerophytic  habit. 

The  photograph  showing  the  whole  frond 
somewhat  less  than  natural  size  was  sent  by 
Prof.  George,  who  also  kindly  donated  the  two 
fragments  of  the  counterpart  shown  in  figures 
6  and  7. 

Occurrence:  Laramie  formation,  shaft  of 
Columbia  mine,  150  feet  from  the  surface,  near 
Louisville  Junction,  Boulder  County,  Colo., 
submitted  by  R.  D.  George.  Type  specimen 
in  the  Museum  of  the  University  of  Colorado. 
Boulder,  Colo. ;  pieces  of  counterpart  in  United 
States  National  Museum. 
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Dryopterifl  larandenfiis  Knowlton. 

Plate  I,  figure  5  (type). 

Dryopteris   laramiensis   Knowlton,   U.   S.   Geol.   Survey 

Bull.  696,  p.  248,  1919. 
Lastrea  {Goniopteris)  intermedia  Lesquereux,  Tertiary  flora: 

U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  56,  pi. 

4,  fig.  14,  1878.    [Leequereux's  original  figure  ia 

here  reprod  uced .  ] 
Anpidium   {Lastrea)   ptilchellumf    Heer,    or   A.  fischerif 

Heer.    Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 

Terr.  Ann.  Rept.  for  1870,  p.  384,  1872. 

This  species  is  evidently  very  closely  related 
to  Dryopteris  lesquereuxiij  from  which  it  appears 
to  differ  in  having  the  pinnae  closer,  at  a  more 
acute  angle  of  insertion  on  the  rachis,  and  with 
the  pinnules  or  lobes  somewhat  longer. 
Neither  of  these  differences  is  of  much  impor- 
tance, and  it  is  quite  possible  that  a  series  of 
specimens,  if  they  were  available,  would  show 
the  two  forms  as  merging,  but  so  far  as  known 
the  specimen  figured  by  Lesquereux  is  the 
only  specimen  extant,  and  if  it  were  not  for 
some  phases  of  the  earlier  history  of  the  present 
^' species,  *'  it  would  perhaps  do  no  great  harm 
to  combine  them.  The  specimens  on  which 
Lesquereux  founded  Lastrea  intermedia  are 
involved  in  some  complications.  In  the  first 
mention  '^  (imder  the  designation  Aspidium 
pulcheUum  Heer,  or  A.  jischeri  Heer)  they  are 
said  by  Lesquereux  to  have  come  from  "Muddy 
Creek,"  without  mention  of  the  State  or  other 
more  exact  location.  From  Hayden's  itiner- 
ary, which  precedes  the  report  on  the  fossil 
plants,  it  appears  reasonably  certain  that  they 
must  have  come  from  the  Muddy  Creek  that 
rises  in  Bridgers  Pass,  in  the  mountains  south 
of  Rawlins,  in  Carbon  County,  Wyo.,  and  flows 
into  Little  Snake  River.  At  a  point  in  the 
valley  of  this  stream  near  Barrel  Springs 
ttayden  "  found,  in  addition  to  shells,  remains 
of  turtles,  fish,  etc.,  "a  few  obscure  plants, 
like  blades  of  grass,  stems  of  rushes,  etc.,  in 
the  clays;  still  higher  up  on  the  tops  of  the 
hills  that  border  the  stream  are  some  thin, 
chalky  clays  crowded  full  of  plants,  as  ferns, 
rushes,  grasses,  palms,  etc.,  finely  preserved.'' 
It  is  doubtful  if  any  of  this  material  is  present 
in  the  coUectioi^s  of  the  United  States  National 
Museum,  at  least  under  this  designation. 

In  the  next  mention  of  Lastrea  intermedia 
by  Lesquereux  "  it  is  said  to  have  come  from 


»  U.  S.  Geal.  and  Geog.  Survey  Terr.  Ann.  Rept.  for  1870,  p.  384, 1872. 

*  Idem,  p.  73. 

*  The  Tertiary  flora:  U.  8.  Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  56, 1878 
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*' Henrys  Fork,  a  mixed  lot."  It  is  easy  to  see 
how  this  mistake  arose,  for  in  the  Annual  Re- 
port  for  1870,  page  384,  the  designation 
*' Henrys  Fork''  occurs  at  the  top  of  the  page, 
while  that  of  *' Muddy  Creek''  is  in  the  middle 
of  the  page  without  indention  or  other  display 
and  so  is  easily  overlooked.  But  this  error  is 
apparently  responsible  for  Lesquereux's  refer- 
ence of  Lastrea  intermedia  to  the  Green  River 
formation,**  which  would  doubtless  be  correct 
if  it  had  actually  come  from  Henrys  Fork. 
There  seems,  therefore,  absolutely  no  warrant 
for  Henrys  Fork  as  a  locality  or  Green  River 
formation  as  a  horizon  for  this  species. 

Golden,  Colo.,  is  also  given  by  Lesquereux  •* 
as  a  locality  for  ''Lastrea  intermedia,**  and  the 
only  specimen  figured  is  preserved  in  the 
United  States  National  Museum.  It  is  pre- 
served on  the  hard  white  sandstone  character- 
istic of  the  Laramie  at  this  locality  and  is  ap- 
parently correctly  recorded. 

Owing  to  the  absence  of  all  specimens,  except 
the  one  from  the  Laramie  at  Golden,  the  occur- 
rence of  this  form  in  Wyommg  will  have  to  be 
ignored,  at  least  until  more  material  has  been 
procured. 

Occurrence:  Laramie  formation.  Golden, 
Colo. 

Dryopteris  lesquereiudi  Knowlton. 

Aspidium  goldianum  Lesquereux,**  U.  S.  Geol.  and  Geog. 

Survey  Terr.  Ann.  Rept.  for  1873,  p.  393,  1874. 
Lastrea  (Goniopteris)  goldiana  Lesquereux,  Tertiary  flora: 

U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  56,  pi.  4, 

fig.  13,  1878. 
Dryopteris   lesquerevacii   Knowlton,   U.  S.  Geol.  Survey 

Bull.  696,  p.  248,  1919. 

Frond  bipinnate  (tripinnate?),  broadly  del- 
toid in  outline;  pinnae  linear,  alternate,  parallel, 
at  an  obtuse  or  rarely  somewhat  acute  angle  of 
divergence  (40^-50*^),  alternately  and  equally 
pinnately  lobed;  lobes  cut  or  separated  by  two- 
thirds  or  three-fourths  of  their  length,  oblong- 
lanceolate,  obtusely  pointed,  inclined  outside; 
middle  nerve  strong,  distinct,  lateral  veins  five 
to  seven  pairs,  curving  slightly  upward,  simple, 
parallel. 

The  ferns  first  described  by  Lesquereux 
under  the  name  Aspidium  goldianum  appear 

»  The  Cretaceous  and  Tertiary  floras:  U.  8.  Geol.  Survey  Terr.  Rept., 
vol.  8,  p.  138, 1883. 

«  Op.  cit.  (Tertiary  flora),  p.  57,  pi.  4,  flg.  14. 

MThis  name  was  preoccupied  by  the  living  Atpidium  goldianum 
Hooker,  1824,  now  DryopterU  goldiana  (Hooker)  A.  Gray,  1848.  I  have 
therefore  given  the  fossil  orm  a  new  name  In  honor  of  Its  deacriber. 
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to  be  very  well  characterized,  being  bipinnate, 
or  perhaps  it  would  be  better  to  say  bipinnati- 
fied,  with  the  pinnae  alternate,  at  a  low  angle 
of  divergence  with  the  main  rachis,  and  lanceo- 
late in  general  outline.  They  are  cut  nearly 
to  the  secondary  rachis,  with  numerous  linear- 
lanceolate,  rather  obtuse  segments.  In  the 
type  species  figured  in  the  *' Tertiary  flora" 
(pi.  4,  fig.  13)  the  segments  of  the  pinnae  are 
short,  being  from  7  to  9  millimeters  in  length, 
and  have  from  five  to  seven  pairs  of  simple 
nerves. 

The  type  of  Aspidium  goldianum  Lesquereux 
(now  Dryopieria  lesquereuxii)  is  said  to  have 
come  from  Grolden,  Colo.,  and  an  examination 
of  the  specimen  (No.  26,  U.  S.  Nat.  Mus.) 
appears  to  confirm  this  statement;  in  any  event 
there  is  no  tangible  evidence  to  the  contrary. 
The  species  has  not  been  noted  in  any  of  the 
recent  collections  from  Golden. 

Occurrence:  Laramie  formation,  Golden, 
Colo. 

Drxopteris?  carbonensis  Knowlton,  n.  sp. 

Plate  XX,  figures  a-5. 

Dryopteruf  cwrhonentU  Kuowlton  [nomen  nudum],  U.  S" 
Geol.  Survey  Bull.  696,  p.  249,  1919. 

Fronds  once  pinnate  (?);  pinnae  probably 
lanceolate,  deeply  pinnatified,  the  divisions 
nearly  opposite,  narrowly  deltoid  or  broadly 
lanceolate  in  outline,  with  obtusely  acuminate 
apex  and  perfectly  entire  margins;  secondary 
rachis  strong;  midnerve  of  segments  thin, 
practically  straight;  nerves  obscure,  apparently 
remote  and  simple;  fruit  unknown. 

Thb  species  is  based  on  the  three  fragments 
figured  and  is  apparently  quite  distinct  from 
anything  from  the  true  Laramie  heretofore 
described.  Wliether  it  belongs  to  the  genus 
Dryopteris  is  not  by  any  means  certain,  for 
without  fruit  that  point  can  not  be  positively 
ascertained,  but  from  its  general  resemblance 
to  certain  species  of  this  genus  I  have  decided 
so  to  refer  it.  It  is,  for  example,  quite  like 
some  of  the  larger  pinnae  of  Dryopteris  gol- 
diana  (Hooker),  a  living  species  of  eastern 
North  America. 

From  its  general  resemblance  to  the  above- 
mentioned  living  species,  I  have  assumed  that 
it  had  once-pinnate  fronds  with  numerous 
lanceolate  pinnae,  but  this,  of  course,  is  largely 
conjecture.  The  divisions  of  the  pinnae  are 
cut  a  little  more  than  half  the  distance  to  the 


midvein.  They  are  slightly  scythe-shaped 
and  have  rather  acute  apices.  The  secondary 
nerves  of  the  divisions  appear  to  be  simple, 
but  the  specimens  are  preserved  on  a  rather 
coarse  grained  matrix  which  is  not  well  suited 
to  preserve  the  finer  nervation,  and  it  is  im- 
possible to  say  whether  they  were  forked  or 
not.  No  trace  of  the  fructification  is  pre- 
serv^ed. 

A  single  fragment  of  this  species  is  found  also 
in.  the  collections  from  Marshall,  Colo.;  it  is 
without  nervation  and  is  on  the  same  piece  of 
rock  with  Ficus  arenacea. 

Occurrence :  Laramie  formation,  Mount  Car- 
bon, Morrison,  Colo. ;  sandstone  near  coal  seam, 
Marshall,  Colo. ;  collected  by  A.  Lakes,  1890. 

Genus  PHANEBOPHLSBITSS  Xnowlton,  n.  (en. 

Of  the  general  type  of  the  living  Phanero^ 
phlehia,  but  with  thick,  fleshy  midrib,  and  few 
free  veins. 

Pbanerophlebites  pealei  Kuowlton,  n.  ^. 

Plate  III,  figures. 

Phanerophlebites  peilei  Knowltoi  [nomen  nudum],  U.  S. 
Geol.  Sur\'ey  Bull.  6%,  p.  439,  1919. 

Outline  of  whole  frond  not  known  but  pre- 
sumably pinnate,  pinnae  large,  strap-shaped, 
with  apparently  entire  margins;  midrib  ex- 
tremely thick  and  fleshy;  nerves  numerous, 
rather  fine,  usually  forking  near  the  midrib 
and  once  or  twice  before  reaching  the  margin, 
sometimes  free  but  usually  anastomosing;  fruit 
not  preserved. 

This  form  is  represented  only  by  the  example 
here  figured,  and  this  is  more  or  less  frag- 
mentary, neither  base  nor  apex  being  retained. 
It  is  now  about  12  centimeters  long  but  was 
obviously  very  much  longer  when  perfect. 
The  width  was  4.5  or  5  centimeters.  The 
small  portion  of  the  margin  preserved  shows  it 
to  be  entire  or  perhaps  slightly  undulate. 
This  pinna  was  evidently  of  thick  substance, 
as  indicated  by  the  very  strong  midrib  and  the 
immersed  appearance  of  the  veins.  The  veins 
are  fine  and  very  close  and  are  more  or  less 
conspicuously  anastomosed.  All  the  veins 
fork,  and  some  of  them  appear  to  be  free,  but 
this  feature,  owing  to  the  small  amount  of  ma- 
terial, is  difficult  to  make  out. 

It  is  witli  some  hesitation  that  this  fragmen- 
tary specimen  is  described  as  establishing  a 
new  genus.     It  is  aspidioid  in  general  appear- 
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ance  and  seems  to  approach  most  closely  the 
living  genus  PJianerophlebia.  This  genus  em- 
braces about  a  dozen  rather  closely  related 
species  extending  from  the  southern  border  of 
the  United  States  through  Mexico  and  Central 
America  to  Brazil.  In  some  ways  the  specimen 
approaches  most  closely  PhaneropJUebia  nohUia 
(Schlechtendal  and  Chamisso)  Presl,  a  native 
of  Mexico,  especidly  in  type  of  nervation. 

Occurrence:  Laramie  formation,  Lafayette, 
Colo.,  dump  of  Simpson  mine,  collected  by 
A.  C.  Peale,  for  whom  the  species  is  named. 

Aapleniam  martini  Itnowlton,  n.  sp. 

Plate  II,  figure  6. 

Asplenium  martini  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  105,  1919. 

Outline  of  whole  frond  unknown  but  at 
least  thrice-pinnatified,  apparently  thick  or 
coriaceous  in  texture;  pinnae  long-lanceolate, 
with  an  exceedingly  strong  rachis,  cut  with 
numerous  opposite  or  subopposite,  short,  ovate 
or  ovate-oblong,  obtuse  pinnules;  nervation  of 
pinnules  strong,  consisting  of  a  very  strong 
mid  vein  and  8  or  10  pairs  of  strong  veins, 
which  are  once-forked,  usually  near  the  base; 
fruit  not  seen. 

This  form  is  so  fragmentary  as  hardly  to  be 
worthy  of  characterization,  yet  even  these 
small  pieces  show  clearly  that  it  must  have 
been  a  plant  of  striking  appearance.  The 
fragment  is  about  8  centimeters  in  length,  and 
to  judge  from  the  very  thick  rachis  it  must 
have  been  when  perfect  at  least  twice  this 
length  and  was  probably  even  larger.  The 
rachis  is  fully  2  millimeters  thick.  Only  one 
pinnule  is  anywhere  near  perfect.  This  is 
nearly  2  centimeters  in  length  and  is  about  12 
millimeters  broad.  The  pinnules,  so  far  as 
can  be  ascertained,  were  opposite  or  suboppo- 
site and  cut  by  a  sharp  sinus  within  4  or  5 
millimeters  of  the  rachis.  The  nervation  of 
the  pinnules,  as  already  indicated,  is  very 
deeply  impressed,  showing  that  the  texture 
was  thick  and  probably  coriaceous.  The 
strong  midvein  is  slightly  irregular,  and  the 
nerves,  also  very  strong,  are  once-forked, 
usually  near  the  midvein. 

In  the  absence  of  fruit  it  is  impossible  to  be 
certain  of  the  generic  reference,  but  the  form  is 
so  distinct,  even  in  the  fragments  available, 
that  it  must  constitute  a  good  horizon  marker. 


Among  fossil  species  it  is  suggestive  of  AapU- 
nium  magnum  Knowlton,"  from  the  Fort  Union 
of  the  Yellowstone  National  Park,  but  it  differs 
in  a  number  of  important  particulars.  It  is 
much  larger  than  Asplenium  magnum,  being  in 
fact  nearly  as  large  as  the  enlargement  of  that 
species  shown  in  figure  8a  of  the  plate  above 
cited.  Its  pinnules  are  more  deeply  cut,  and 
the  nervation  is  very  much  stronger,  though  of 
the  same  type. 

In  some  respects  it  is  closer  to  Asplenium 
coloradense  Bjiowlton,**  from  the  Vermejo 
formation  of  the  Raton  Mesa  region,  which 
was  at  first  identified  by  Hollick**  with  As- 
plenium magnum.  The  form  under  considera- 
tion seems  to  differ  from  Asplenium  coloradense 
in  its  larger  size,  more  obtuse  pinnules,  and 
much  stronger  nervation.  A  series  of  speci- 
mens showing  the  variation  in  size  might  bring 
them  together,  but  for  the  present  they  are 
best  kept  apart,  though  obviously  closely 
related. 

This  species  is  named  in  honor  of  George  C. 
Martin,  of  the  United  States  Geological  Sur- 
vey, who  assisted  in  making  the  collection  of 
which  it  is  a  part. 

Occurrence:  Laramie   formation,    dump    of 

Reliance   mine,    1}   miles  northeast  of  Erie, 

Colo.,  collected  by  F.  H.  Knowlton  and  G.  C. 

Martin. 

Pteria  goidmani  Knowlton,  n.  ap. 

Plate  II,  figure  3. 

Pteria  ffoldmani  Knowlton  [nomen  nudum],  U^  S.  Greol. 
Survey  Bull.  696,  p.  518, 1919. 

Outline  of  frond  unknown;  pinnae  lanceolate, 
margin  entire;  rachis  thin,  grooved;  nerves 
numerous,  at  an  angle  of  50®  or  60**,  slightly 
curved,  forking  a  short  distance  above  the  base 
and  again  below  the  margin,  often  anas- 
tomosing. 

Although  this  is  a  mere  fragment  3  centi- 
meters long  and  the  same  in  width,  it  is  so  well 
characterized  by  the  nervation  that  it  seems 
worthy  of  full  specific  rank.  It  is  of  the  type 
of  what  has  been  called  Pteris  subsimplex 
Lesquereux,^'  Pteris  erosa  Lesquereux,'^  Pteris 
undvlata  Lesquereux,  etc.,  but  diflFers  essen- 

»  U.  S.  Oeol.  Survey  Mon.  32,  pt.  2,  pi.  79,  fl«.s.  5-8,  1899. 
*4  U.  8.  Goul.  Siiney  Prof.  Paper  101,  pi.  1,  flis;s.  1,  %  1918. 
»  ilollick,  Arthur,  Torreya,  vol.  2,  p.  146,  pi.  4,  figs.  1,  2, 1902. 
MLeK)uereux,  Leo,  U.  S.  Qeol.  Survey  Terr.  Rept.,  vol.  7,  pi.  4, 
figs.  5-7,  1878. 
» Idem,  fig.  8. 
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tially  in  having  the  nerves  at  a  more  acute 
angle  and  regularly  twice-forked.  The  nerves 
are  also  frequently  anastomosed,  especially 
near  the  margin. 

This  species  is  named  in  honor  of  Marcus  I. 
Goldman,  of  the  United  States  Geological 
Survey,  who  assisted  in  making  the  collection 
at  this  locality. 

Occurrence :  Laramie  formation,  Popes  Bluff, 

west  of  Pikeview,  Colo.    (sec.    14,  T.    13  S., 

R.  67  W.),  collected  by  A.  C.  Peale  and  M.  I. 

Goldman,  1908. 

PterisTsp. 

Plate  II,  figure  5. 

Pteris?  sp.  Knowlton  [nomen],  U.  S.  Geol.  Survey  Bull.- 
696,  p.  513,  1919. 

The  specimen  here  figured  is  so  small  a 
fragment  that  were  it  not  for  the  fact  that  it  is 
very  different  from 'any thing  heretofore  found 
in  the  Laramie,  it  would  hardly  be  worthy  of 
mention.  It  is  the  wedge-shaped  basal  por- 
tion of  what  was  apparently  a  large  lanceolate 
frond  or  pinnule.  The  midrib  was  exceedingly 
thick,  and  the  blade  appears  also  to  have  been 
thick  or  coriaceous.  The  nerves  are  very  fine, 
close,  parallel,  and  at  a  low  angle  of  emergence. 
It  is  difficult  to  ascertain  whether  the  veins 
fork  at  the  extreme  base  or  are  simple,  though 
presumably  they  are  forked  just  above  their 
point  of  origin.  Occasionally  a  vein  may  be 
observed  to  fork  near  the  middle,  but  beyond 
this  little  can  be  made  out. 

This  fragment  is  so  small  and  obscure  that 
comparisons  with  other  forms  are  hardly  war- 
ranted, though  in  passing  it  may  be  said  that 
the  specimen  somewhat  resembles  what  Les- 
quereux  described  as  Ch/mnogramma  gardnerij^ 
especially  in  the  shape  of  the  base  and  the 
thick  midrib,  but  it  differs  strongly  in  the  more 
numerous  finer  veins,  which  do  not  anastomose. 

Occurrence:  Laramie  formation,  Marshall, 
Colo.,  wooded  bluff  just  south  of  station,  at 
the  highest  plant-bearing  point  in  the  section, 
collected  by  A.  C.  Peale. 

Family  SCHIZAEACEAE. 
Anemia  elongate  (Newberry)  Knowlton. 

Plate  11,  figure  2. 

Anemia  elongata  (Newberry)  Knowlton,  U.  S.  Geol.  Sur- 
vey Bull.  696,  p.  74,  1919. 

"Leiquereux,  Leo,  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  yl.  4 
fig.  2,  1878. 


Sphenopteris  (Asplenium)  elongatum  Newberry,   Boston 
Soc.  Nat.  Hifit.  Jour.,  vol.  7,  p.  511,  1863. 

Anemia  mbcreiacea?  (Saporte)  Gardner  and  EttingBhauEen, 

British  Eocene  flora,  vol.  1,  Filicee,  pt.  2,  p.  45, 

pis.  8,  9,  1880. 

Knowlton,  U.  S.  Geol.  Survey  Bull.  152,  p.  34,  1898; 

Mon.  32,  pt.  2,  p.  657,  1899;  Bull.  163,  p.  20,  1900. 

Anemia  perplexa  HoUick,  in  Newberry,  U.  S.  Geol.  Sur- 
vey Mon.  3%  p.  3,  pi.  15,  figs.  1,  la,  1898. 

Gymnogranima  haydenii  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Kept,  for  1872,  p.  295,  1873; 
Tertiary  flora:  U.  S.  Geol.  Sur\ey  Terr.  Rept., 
vol.  7,  p.  59,  pi.  4,  figs.  1-3,  1878. 

Antmia  haydenii  (Lesquereux)  Cockerell,  Torreya,  vol.  9, 
p.  142,  1909. 

My  understanding  of  the  status  of  the  Ameri- 
can material  usually  referred  to  Anemia  sub- 
cretacea  is  set  forth  at  length  in  my  "Flora  of 
of  the  Montana  formation,''  *•  and  I  have  little 
or  nothing  to  add  to  that  account.  One  diffi- 
culty in  the  study  of  ferns  of  this  group  is  lack 
of  sufficient  material,  for  somehow  it  happens 
that  although  Anemia  is  fairly  well  distributed 
both  geologically  and  geographically,  it  is 
rarely  found  abundant  or  well  preserved.  The 
type  specimens  of  Lesquereux*s  Gymnogramma 
haydeniiy  for  instance,  are  mere  fragments  that 
can  give  only  a  partial  idea  of  its  size  and  ap- 
pearance. The  example  here  figured,  although 
exceptionally  well  preserved,  is  the  only  one 
present  in  the  collections  from  Erie.  It  is  al- 
most entire  in  the  upper  portion  and  sparingly 
toothed  below,  but  otherwise  it  is  very  much 
like  the  figures  of  Gymnogramma  haydenii.  It 
is  rather  more  robust  than  the  figures  of  the 
English  species  shown  by  Gardner  and  Ettings- 
hausen  would  imply,  though  it  approaches  that 
species  most  closely.  I  have  questioned  the 
reference  of  the  Erie  specimen  to  Anemia  sub- 
cretacea  rather  than  make  a  new  species.  If 
additional  material  can  be  procured  it  may 
serve  to  settle  the  status  of  this  form. 

Occurrence:  Laramie  formation, ?Erie, Colo.; 
Mesaverde,  ?Point  of  Rocks,  Wyo.;  Puget 
group,  ?Washington. 

Anemia  supercretacea  Hollick. 

Anemia  supercretacea  Hollick,  Torreya,  vol.  2,  p.  145,  pi. 
3,  figs.  6,  7,  1902. 
Cockerell,  Torreya,  vol.  9,  p.  142,  1909. 

This  species  was  described  by  Hollick  from 
material  collected  in  the  well-known  reddish 
sandstone  at  Florence,  Colo.,  from  beds  then 
supposed    to   be   of    Laramie   age  but  subse- 

»  Knowlton,  F.  II.,  U.  8.  Geol.  Survey  Bull.  163,  pp.  2C-22, 1900. 
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quently  determined  to  belong  to  the  Vermejo 
fonnation  of  the  Montana  group.  It  is  re- 
corded from  the  Laramie  at  Marshall,  Colo., 
by  Cockerell,  who  says: 

Found  first  at  Marshall  by  Paul  Haworth.  Our  speci- 
mens run  a  little  larger  than  Hollick's  but  appear  to  be 
otherwise  quite  identical;  the  pinnules  are  entire.  The 
plant  may  possibly  be  a  variety  of  Ariemia  hayderAi 
(OymTiograrmna  haydenii  Lesquereux,  1872),  wliich  appears 
to  be  distinctly  different  from  A,  subcretacea  (Saporta) 
Gardner  and  Ettingshausen  as  originally  figured  by 
Saporta. 

I  have  not  seen  the  material  mentioned  by 
Cockerell,  nor  has  Anemia  been  noted  in  any 
'of  the  collections  from  Marshall  and  vicinity 
that  have  passed  through  my  hands,  though  I 
have  no  reason  to  doubt  the  above  determina- 
tion. 

Occurrence:  Vermejo  formation,  Florence, 
Colo,  (type);  Laramie  formation,  Marshall, 
(!)olo.,  reported  by  Prof.  T.  D.  A.  Cockerell. 

Anemia  sp. 

Plate  II,  figure  1. 

Anemia  sp.  Knowlton  [nomen],  U.  S.  Geol.  Survey  Bull. 
f)96,  p.  75,  1919. 

In  the  material  from  a  locality  a  few  miles 
north  of  Colorado  Springs  there  is  a  single  frag- 
ment of  the  pinnule  of  an  Anemia.  The  mat- 
rix on  which.it  is  preserved  is  so  coarse  grained 
that  only  the  outline  can  be  made  out  with  cer- 
tainty. The  nervation  appears  to  consist  of 
slender  veins  at  a  rather  acute  angle,  but  their 
manner  of  forking  can  not  be  seen. 

This  fragment  is  very  readily  comparable 
with  various  species  of  Anemia^  especially 
Anemia  svbcretacea^  but  it  is  so  poorly  pre- 
served and  so  small  that  it  is  best  left  without 
speculation  as  to  its  specific  identification. 

Occurrence:  Laramie  formation,  opposite 
sand-lime  brick  works  about  4  miles  north  of 
Colorado  Springs,  Colo.,  collected  by  A.  C. 
Peale  and  G.  I.  Finlay,  1908. 

Lygodium?  compactum  Lesquereuz. 

Plate  I,  figure  1  (type). 

Lygodium  compactum  Lesquereux,  Am.  Jour.  Sci.,  2d  ser., 
vol.  16,  p.  206,  1868;  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Kept,  for  1869,  p.  196  [reprint,  1875]; 
idem  for  1873,  p.  380,  1874;  idem  for  1876,  p.  498, 
1878;  Tertiary  flora:  U.  S.  Geol.  Survey  Terr. 
Bept.,  vol.  7,  p.  64,  pi.  5,  fig.  9,  1878.  [Lesque- 
reux'e  figure  of  the  type  is  here  reproduced.] 


The  type  and  so  far  as  known  the  only  speci- 
men ever  obtained  of  this  species  is  No.  118  of 
the  fossil-plant  collections  of  the  United  States 
National  Museum.  It  is  a  small  fragment 
preserved  on  a  piece  of  hard,  rather  coarse- 
grained sandstone,  and  is  very  obscure. 

There  is  much  uncertainty  as  to  the  proper 
disposition  of  this  specimen.  It  is  so  frag- 
mentary and  its  nervation  is  so  poorly  pre- 
served that  a  satisfactory  characterization  of 
it  is  impossible.  There  is  even  some  doubt  as 
to  whether  it  is  a  fern.  But  in  the  absence  of 
additional  specimens  or  further  information 
concerning  the  type,  it  is  retained  as  left  by 
its  author,  in  the  hope  that  future  exploration 
may  clear  up  its  position,  though  at  present  it 
is  not  of  much  value. 

Occurrence:  Laramie  formation,  Marshall 
mine,  Marshall,  Colo.,  original  collection  of 
F.  V.  Hayden. 

Order  EQUISSTALES. 

FamUy  EQUISSTACSAS. 

Eqidsetnm  perlaeyigatom  Cockerell. 

Plate  I,  figures  8,  9. 

Equisetum  perlaevigatum  Cockerell,  West  Am.  Scientist, 
vol.  6,  p.  154,  1889. 

Equisetum  laevigatum  lesquereux,  U.  S.  Geol.  and  Ceog. 
Survey  Terr.  Ann.  Kept,  for  1873,  p.  395,  187-1; 
idem  for  1876,  p.  498,  1878;  Tertiary  flora:  U.  S. 
Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  68,  pi.  6, 
figs.  6,  7,  1878.  [Lesquereux's  original  figurei  are 
here  reproduced.]    [Homonym,  Al.  Braun,  1867.] 

This  so-called  species  is  a  very  unsatisfactory 
one  indeed.  The  material  upon  which  it  is 
founded  is  preserved  in  the  United  States 
National  Museum  (Nos.  42,  43)  and  represents, 
so  far  as  known,  all  that  has  ever  been  found. 
The  larger  specimen  (original  of  Lesquereux's 
fig.  7),  from  Sand  Creek,  Colo.,  is  very  obscure 
and  has  more  the  appearance  of  a  piece  of 
dicotyledonous  bark,  or  the  impression  of  a 
stem.  Its  surface  is  wrinkled  irregularly 
rather  than  striately,  and  the  so-called  tuber- 
cles can  hardly  be  made  out.  As  a  factor  in 
the  distribution  of  the  species  this  specimen 
can  safely  be  ignored. 

The  smaller  specimen  (original  of  Lesque- 
reux's fig.  6),  from  the  hard  white  sandstone  at 
Golden,  Colo.,  is  without  doubt  a  portion  of 
the  underground  stem  of  an  Equisetum,  but  it 
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iH>uld  pn>bably  not  be  distinguished  from  cer- 
tain oUior  described  species,  and  the  advisa- 
bility of  retaining  it  is  open  to  question.  It  is 
ponnittod  to  stand  simply  for  the  purpose  of 
allowing  that  the  horsetails  were  present  in 
these  bods,  though  it  may  be  but  poorly  char- 
acterized. 

Occurrence:     Laramie     formation,  Grolden, 
Colo.,  original  Museum  collections. 

Phylum  8PSBMATOPHTTA. 
cuts  QTMKOSPSBMAS. 

Order  GOKIFEBALSS. 

FamUy  ARAUCASIACSAB. 

Dammara  sp. 

Plate  II,  figure  4. 

Dnvimarn  np.  Knowlton  [nomen],  U.  R.  Geol.  Survey  Bull. 
Wm,  p.  228,  1919. 

In  the  collection  from  the  wooded  bluflF  south 
of  Marshall,  (^olo.,  there  is  a  single  fragmentary 
Hcale  that  appears  to  be  a  Dammara.  It  is 
about  13  millimeters  long  and  some  8  milli- 
nict<^rH  wide  at  the  broadest  point;  it  is  strongly 
riblx'd.  The  apical  portion  is  broken  away, 
HO  it  is  impossible  to  observe  the  spine  of  the 
Hcale,  if  there  was  one.  The  specimen  is  so 
fragmentary  that  it  is  hardly  worth  while  to 
institute  any  comparisons  with  published 
forms.  It  was  found  in  the  association  with 
Rhamnus  aalicifolius,  Rhamnus  goldianusf,  and 
the  fragment  of  a  fern  described  as  Pteris?  sp. 

Occurrence:  Laramie  formation,  Marshall, 
Colo.,  wooded  bluff  just  south  of  station,  high- 
est point  in  section,  collected  by  A.  C.  Peale. 

Family  TAZODIACSAX. 
Sequoia  acaminata?  Lesqaereuz. 

Plate  II,  figures  7,  8. 

Sequoia  acuminata  Leequereux,  U.  S.  Geol.  and  Greog. 
Survey  Terr.  Ann.  Kept,  for  1874,  p.  310,  1875; 
idem  for  1876,  p.  500,  1878;  idem.  Bull.,  vol.  1, 
No.  5,  2d  eer.,  p.  384,  1876;  Tertiary  flora:  U.  S. 
Geol.  Survey  Terr.  Kept.,  vol.  7,  p.  80,  pi.  7,  figs. 
15-16a,  1878. 

The  type  specimens  of  this  species  are  sup- 
posed to  be  preserved  in  the  United  States 
National  Museum  (No.  62),  but  they  can  not 
now  be  found.  So  far  as  can  be  made  out 
from  the  figures  it  seems  to  be  very  close  to 


Sequoia  longifolia  Lesquereux,   a  fact  which 
Lesquereux  recognized,  as  he  says: 

This  species  differs  from  the  former  by  the  proportion- 
ally narrower  leaves,  with  a  very  distinct  middle  nerve, 
and  smooth  surfaces;  also  by  the  stem,  which  is  striate 
when  decorticated.  ♦  »  ♦  The  average  size  of  the 
leaves  is  about  the  same  in  both  forms,  the  leaves  varying 
from  3  to  6  centimeters  long  and  from  2  to  5  millimeters 
broad. 

In  the  collection  from  Cowan  station  there 
is  a  single  fragment  that  may  belong  to  this 
species,  but  it  is  so  fragmentary  that  the 
essential  characters  can  not  be  made  out  with 
certainty. 

The  two  examples  figured,  though  frag- 
mentary and  not  well  preserved,  appear  to 
agree  in  all  essential  features  with  the  speci- 
mens figured  by  Lesquereux. 

Occurrence:  Post-Laramie,  Black  Buttes, 
Wyo.  (types).  Laramie  formation,?  Cowan 
station,  10  miles  south  of  Denver,  Colo.,  col- 
lected by  F.  H.  Knowlton;  cut  on  Moffat  rail- 
road (Denver  &  Salt  Lake)  near  Leyden  Gulch, 
Colo.,  collected  by  A.  C.  Peale.  Dawson 
arkose,  Templeton  Gap,  4  miles  northeast  of 
Colorado  Springs,  Colo.,  collected  by  A.  C. 
Peale,  1908. 

Sequoia  rdchenbachi  (Geinitz)  Heer. 

Plate  XX.  figures  1.  2. 

AraucantesreichenhaMGeimtiy  Gharakteristik  der  Schicht- 
en  und  Petrefacten  des  B&chsisch-bOhmiBchen  Krei- 
degebirgee,  pt.  3,  p.  98,  pi.  24,  fig.  4,  1842. 
Sequoia  reiiJienbachi  (Geinitz)  Ueer,  Flora  foesilia  arctica, 

vol.  1,  p.  83,  pi.  43,  figs.  Id,  2b,  5a,  1868. 
Lesquereux,  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  6, 

p.  51,  pi.  1,  figs.  10-lOb,  1874;  U.  S.  Geol.  Survey 

Mon.  17,  p.  35,  pi.  2,  fig.  4,  1892. 
Rollick,  New  York  Acad.  Sci.  Trans.,  vol.  12,  p.  30, 

pi.  1,  fig.  18,  1892. 
Fontaine,  U.  S.  Geol.  Survey  Mon.  15,  p.  243,  pi.  118, 

figs.  1,  4;  pi.  119,  figs.  1-^;  pi.  120,  figs.  7,  8;  pi.  122, 

fig.  2;  pi.  167,  fig.  5,  1889. 
Dawson,  Roy.  Soc.  Canada  Trans.,  vol.  3,  p.  21,  1882. 
Newberr\%  I'.  S.  Geol.  Survey  Mon.  26,  p.  49,  pi.  9, 

fig.  19,' 1896. 
Knowlton,  U.  S.  Geol.  Survey  Mon.  32,  pt.  2,  p.  657, 

1898. 

In  the  collection  from  Coal  Creek,  Boulder 
County,  Colo.,  there  is  a  single  specimen  which 
I  am  unahle  to  separate  from  many  of  the  fig- 
ures referred  to  Sequoia  rcwhenbachi,  and  I 
have  so  regarded  it.  As  may  be  noted  in  the 
figure  (PI.  XX,  fig.  1),  it  is  a  fairly  well  pre- 
served specimen  with  a  large  main  branch  and 
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several  smaller  branchlets  bearing  rather  closely 
appressed,  sharp-pointed  leaves.  It  is,  for  ex- 
ample, hardly  to  be  distinguished  fmm  figures 
of  this  species  given  by  Velenovsky  ^  from  the 
Cretaceous  of  Bohemia.  I  also  find  in  the  old 
United  States  National  Museum  collections  a 
single  specimen,  recorded  under  No.  865,  which 
was  collected  at  Coal  Creek  by  George  Hadden! 
It  was  not  figured  by  Lesquereux  and  repre- 
sents the  impression  of  a  fragment  from  a  large 
branch.  It  is  indistinguishable  from  figure  23 
of  Plate  VII  in  I^quereux's  '* Tertiary  flora.''  *^ 

Among  the  specimens  collected  by  Arthur 
Lakes  at  Mount  Carbon,  Morrison,  Colo.,  from 
the  sandstone  near  the  coal  seam,  are  a  number 
of  rather  poorly  preserved  but  evidently  large 
branches  of  a  conifer  that  I  am  unable  to  distin- 
guish from  this  species.  By  taking  an  impres- 
sion in  clay  the  original  form  of  the  branches  is 
restored  in  a  fairly  satisfactory  manner.  The 
leaves  are  seen  to  be  rather  long,  sharp 
pointed,  and  spreading,  but  with  incurved  tips. 

The  small  collection  made  on  Crow  Creek, 
Colo.,  contains  three  rather  poorly  preserved 
specimens  of  conifers  that  appear  to  be  refer- 
able to  this  species.  They  are  long,  slender 
twigs  covered  with  short,  appressed  scalelike 
leaves  and  apparently  additional  more  slender 
leaves.  They  are  not  well  enough  preserved 
to  warrant  a  positive  reference  to  this  or  any 
other  species. 

Occurrence:  Laramie  formation.  Coal  (^reek, 
Boulder  County,  Colo.,  collected  by  N.  L. 
Britton  about  1884;  Mount  Carbon,  Morrison 
Colo.,  collected  by  A.  Lakes  in  1890;  Crow 
Creek  about  25  miles  northeast  of  Greeley, 
Colo.,  collected  by  F.  H.  Knowlton  and  T.  W. 
Stanton,  1806.     The  last  is  questionable. 

Sequoia  longifoUa  Lesquereux. 

Plate  III,  figure  3;  Plate  IV,  figure  2. 

Sequoia  longifolia  Lesquereux,  U.  S.  Geol.  and  Geog.  Sur- 
vey Terr.  Ann.  Kept,  for  1874,  p.  298,  187G;  Tertiar>' 
flora:  U.  S.  (leol.  Survey  Terr.  Kept.,  vol.  7,  p.  79, 
pi.  61,  figs.  28,  29  [not  pi.  7,  figs.  14,  14a,  which  = 
Sequoia  magnifolia  Knowlton]. 

Geinitzia  longifolia  (Lesquereux)  Knowlton,  l'.  S.  Geol. 
Survey  Bull.  03,  p.  28,  1900. 

Cunninghamitraf  up.?  Knowlton,  U.  S.  (ieol.  Survey  Hull. 
163,  p.  20,  pi.  5,  fig.  3,  1900. 


•Velonovsky,  Jo.^of,  Die  CJymnosp'ermen  dor  t)Ohml >thcn  Kreido- 
lo-raation,  pi.  9,  Hk^.  12,  14,  et.-.,  18S5. 
«  V.  8.  Oeol.  Survey  Terr.  Hept.,  vol.  7.  187s. 


There  appears  to  be  some  confusion  regarding 
Lesquereux's  Sequoia  longifolia.  So  far  as  can 
be  made  out,  Lesquereux  had  specimens  of  a 
long-leaved  conifer  from  Black  Buttes,  Wya., 
to  which  it  is  inferred  he  gave  the  manuscript 
name  '*  Sequoia  longifolia.^ ^  Before  this  species 
was  published,  however,  specimens  thought  to 
represent  the  same  species  were  obtained  from 
Point  of  Rocks,  Wyo.,  and  the  name  was  first 
published  in  the  Hayden  Annual  Report  for 
1874  (1876),  page  298,  under  the  designation 
^^ Sequoia  longifolia  Lesq.,  MSS."  In  explana- 
tion he  adds:  ''This  species  was  already  de- 
scribed from  Black  Buttes  specimens."  I  can 
not  find  that  it  was  ever  published  in  connec- 
tion with  the  Black  Buttes  specimens,  and  it 
seems  that  when  Lesquereux  actually  came  to 
publishing  a  report  on  the  Black  Buttes  mate- 
rial he  changed  the  name  of  the  long-leaved 
conifer  common  at  that  place  to  Sequoia  acumi- 
nata.*^ It  is  certain  that  he  nowhere  definitely 
recorded  Sequoia  longifolia  as  coming  from 
Black  Buttes,  nor  has  it  since  been  found  there. 

If  the  above  interpretation  is  correct,  as  it  is 
believed  to  be,  it  establishes  Point  of  Rocks, 
Wyo.,  as  tlie  type  locality  for  Sequoia  longi- 
folia and  excludes  the  species  from  Black 
Buttes.  The  type  specimens  are  the  originals 
of  figures  28  and  29  of  Plate  LXI  of  the  '*  Ter- 
tiary flora"  and  are  Nos.  73  and  74,  respec- 
tively, of  the  United  States  National  Museum 
collections.  This  leaves  the  specimen  figured 
under  this  name  in  Plate  VII,  figures  14,  14a, 
of  the  '*  Tertiary  flora"  still  to  be  accounted  for. 
It  is  said  *''  to  have  come  from  the  '*  Haley  coal 
mine,  10  miles  northeast  of  Greeley,  Colo. 
(A.  C.  Peale)";  it  is  No.  61  of  the  United 
States  National  Museum  collections.  I  was 
informed  by  Dr.  Peale  that  this  statement  was 
in  error,  as  he  did  not  collect  it  and  was  never 
at  this  locality.  Inasmuch  as  Lesquereux 
pointed  out  certain  marked  differences  between 
the  Point  of  Rocks  and  Greeley  specimens  and 
added,  *'It  may  be,  therefore,  that  these  speci- 
mens represent  two  different  species,"  and  in 
further  consideration  of  the  uncertainty  regard- 
ing the  so-called  Greeley  specimen,  it  is  appar- 
ently justifiable  to  consider  only  the  Point  of 

«  U.  S.  Gc)l.  Survey  Terr.  Bull.,  vol.  1,  No.  5,  2d  ser.,  p.  3M,  1876; 
U.  S.  (ieo\.  Sur\oy  Terr.  Rept.,  vol.  7,  p.  S.1,  1878. 
«  lyO-qiicreux,  Leo,  op.  (it.,  p.  80. 
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Rocks  specimens  in  the  present  comparisons 
and  discussions.  Additional  specimens  from 
Point  of  Rocks  were  procured  by  L.  F.  Ward 
in  1883/*  but  none  have  been  foimd  in  or  about 
the  supposed  Greeley  locality. 

In  the  light  of  material  recently  studied  it 
now  seems  probable  that  the  specimen  from 
the  North  Fork  of  Dutton  Creek,  Laramie 
Plains,  Wyo.,  which  I  figured  and  described 
under  the  name  Cunninghamiiest  sp.,  **  should 
be  referred  to  the  present  form.  Although  the 
full  characters  can  not  be  made  out,  owing  to 
poor  preservation,  the  general  appearance  is 
the  same  as  in  many  specimens  that  un- 
doubtedly belong  to  Sequoia  longifolm. 

It  was  suggested  by  Schenk  *•  a  nimiber  of 
years  ago  that  Lesquereux's  Sequoia  longifolia 
should  be  referred  to  the  genus  Geinitziay  and 
as  cones  had  not  been  found  at  that  time,  I 
adopted  the  suggestion  and  in  my  *' Flora  of 
the  Montana  formation"*^  transferred  it  to 
this  genus.  Although  cones  have  not  been 
found  in  connection  with  these  specimens,  th^y 
have  been  found  attached  to  specimens  that 
are  now  described  imder  the  name  Sequoia 
magnifolia  Knowlton,**  and  as  these  two  forms 
are  undoubtedly  congeneric  it  is  best  to  refer 
them  all  to  Seqvma. 

The  material  from  Marshall,  Colo.,  includes 
several  specimens  of  coniferous  branches  that 
are  not  to  be  distinguished  from  Sequoia 
longifolia  as  described  and  figured  by  Les- 
quereux  from  Point  of  Rocks,  Wyo.  One  of 
the  best  of  these  branches  is  here  figured.  It 
is  a  thick  branch  1  centimeter  in  diameter  and 
about  15  centimeters  long.  The  scars  on  the 
branch  and  the  insertion  of  the  long,  slender, 
acuminate  leaves  are  the  same  as  shown  in 
figure  29  of  Plate  LXI  in  the  ''Tertiary  flora." 
The  manner  in  which  the  leaves  are  matted 
together  is  also  the  same,  and  there  can  be  no 
reasonable  doubt  of  their  identity  with  Les- 
quereux's  species. 

A  single  poorly  preserved  branchlet  (shown 
in  PL  IV,  fig.  2)  from  Cowan  station,  south  of 
Denver,  appears  to  belong  to  this  species. 

«  Knowltcn,  F.  H.,  U.  8.  Geol.  Suney  Bull.  103,  p.  28, 1900. 

« Idem,  p.  29,  pi.  5,  flg.  3. 

«  Schenk,  A.,  in  Zittel,  K.  A.,  Handbuch  dm*  Pa]aeoat(>logie,  Abt.  2, 
pp.  301,  302,  1880. 

«  Knowlton,  F.  H.,  U.  8.  Geol.  Survey  Bull.  103,  p.  28,  1900. 

«  Knowlton,  F.  H,,  The  flora  of  the  Fox  Hills  sandstone:  U.  8.  Gcil. 
Survey  Prof.  Paper  98,  p.  88,  pi.  15,  figs.  1-3, 1916. 


Occurrence:  Mesaverde  formation,  Point  of 
Rocks,  Wyo.  (type  locality).  Laramie  forma- 
tion, Marshall,  Colo.,  railroad  cut  between  old 
and  new  stations,  collected  by  A.  C.  Peale,  1908; 
Cowan  station,  10  miles  south  of  Denver,  Colo., 
collected  by  F.  H.  Knowlton,  1908. 

Order  CYCADALSS. 
.    FamUy  CTCADACSAS. 
Cycadeoidea  mimblUs  (Lesquereuz)  Ward. 

Cycadeoidea  mirabilii  (Lesquereux)  Ward,  Biol.  Soc.  Wash- 

in^on  Proc.,  vol.  11,  p.  86,  1894. 
Zamioatrobiu  mirabili*  I^esquereux,  U.S.  Geol.  and  Geog. 

Survey  Terr.  Bull.,  vol.  1,  No.  5,  2d  eer.,  p.  383, 

1876;  idem,  Ann.  Kept,  for  1874,  p.   309,   1876; 

Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol. 

7,  p.  70,  pi.  63,  figs.  1-ld,  1878. 
Nelumbium  James,  Science,  vol.  3,  p.  434,  1884. 
Clathropodium  mirabUf  (Lesquereux)  Ward,  Science,  vol. 

3,  p.  532,  1884. 
Cycadeoidea    zamiostrobus    Solms,  Real,  accad.  sci.  Ist. 

Bologna  Mem.,  5th  ser.,  vol.  2,  p.  210,  1892. 

It  is  extremely  doubtful  whether  this  species 
should  properly  be  included  in  this  work,  but 
I  have  given  it  the  benefit  of  the  doubt.  It 
was  found  by  F.  V.  Hayden  lying  on  the  sur- 
face of  the  ground  near  Golden,  Colo.,  within 
the  Laramie  area,  but  it  probably  belonged  to 
a  more  ancient  formation,  from  which  it  had 
been  transported.  The  microscopic  appear- 
ance of  this  interesting  species  was  well  de- 
scribed and  fairly  well  figured  by  Lesquereux, 
and  the  internal  structure  has  been  admirably 
worked  out  by  Count  Solms,  to  whom  the 
cutting  and  study  of  the  specimen  was  sub- 
mitted. It  is  mentioned  further  by  G.  R. 
Wieland  in  his  work  on  American  fosHil 
cycads.*' 

Occurrence:  Laramie  formation  (?),  near 
Golden,  Colo. 

Class  ANQIOSPEBMAB. 

Subclass  HONOCOTTLEDONAB. 

Order  GBAMINALBS. 

FamUy  CTPBBACBAEf 

CyperacitesT  hlllsii  Knowlton,  n.  sp. 

Plate  XX,  figure  6. 

Cyperacitcsf  hillsH  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Sur\'ey  Bull.  696,  p.  222,  1919. 

Leaves  flat,  without  keel;  nerves  numerous, 
parallel,  5  millimeters  apart,  with  a  single  more 

«  Carnegie  Inst.  Washington  Pub.  34,  vol.  2,  p.  109,  r  1. 1,  flg'.  1, 2.  I91C. 
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delicate  intermediate  nerve  between  the  prin- 
cipal ones. 

The  material  upon  which  this  form  is  based 
is  in  reality  hardly  sufficient  for  the  proper 
characterization  of  a  new  species,  but  as  it 
appears  to  differ  from  all  other  Laramie  species 
already  described  it  must  receive  a  name.  It 
is  based  on  fragments  of  leaves  7  or  8  centi- 
meters long  and  from  1  to  1.5  centimeters 
wide.  They  are  marked  by  numerous  parallel 
veins  about  5  millimeters  apart,  with  slender 
intermediate  veins,  one  between  every  two  of 
the  stronger  ones.  It  is  named  in  honor  of 
Mr.  R.  C.  Hills,  of  Denver,  Colo. 

Occurrence:  Laramie  formation,  Erie  and 
Coal  Creek,  Colo. 

Cyperacites?  tesseUatns  Knowlton,  n.  sp. 

Plate  III,  figures  1,  2. 

Cyperacitesf  tessellattLS  Knowlton  [nomen  nudum],  U.  S. 
Geol.  Survey  Bull.  696,  p.  222,  1919. 

In  the  material  from  Popes  Bluff,  the  locality 
earlier  known  as  the  Hefdey  coal  mine,  there 
are  several  fragments  of  a  large  monocoty- 
ledonous  leaf  that  is  very  strongly  marked. 
Neither  the  length  nor  the  width  can  be  ascer- 
tained, though  there  are  fragments  8  centi- 
meters long  and  5  or  6  centimeters  wide.  It  is 
provided  with  strong,  deeply  impressed  longi- 
tudinal veins  which  are  a  little  less  than  1 
millimeter  apart  and  without  intermediate 
veins.  It  is,  however,  also  provided  with 
cross  veins,  which  are  nearly  as  deeply  im- 
pressed as  the  others  and  cut  the  space  between 
the  veins  into  very  regular  rectangular  areas 
about  1  millimeter  long.  This  was  evidently  a 
thick,  firm  leaf,  as  the  veins  and  cross  veins  are 
so  deeply  impressed. 

The  proper  generic  reference  for  this  form  is 
uncertain.  Superficially  it  resembles  Zingir 
herites  dvhius  Lesquereux,*^  from  the  Denver 
formation,  but  it  is  excluded  at  once  by  the 
fact  that  the  latter  species  has  six  or  seven  very 
thin  veins  between  the  strong  veins.  It  also 
resembles  certain  leaves  that  have  been  re- 
ferred to  Typha^  such  as  Typh-a  kUissima  Heer,** 
but  it  is  twice  the  width  of  even  the  largest 
leaves  of  that  species  and  has  three  or  four 
intermediate  veins  between  the  larger  ones. 
The  cross  veins  in  Typha  are  very  much  like 

w  Lesquereux,  Leo,  U.  S.  Gcol.  Sun'ey  Terr.  Rept.,  vol.  7,  p.  95,  v\. 
10,  ftg.  1,  1878. 
•^  Heer,  Oswald,  Flora  tertiaria  Helvetlae,  vol.  1,  ph.  43,  44, 1855. 


those  in  the  present  specimens^  but  none  of  the 
nervation  is  deeply  impressed. 

Occurrence:  Laramie  formation,  Popes  Bluff, 
west  of  Pikeview,  Colo.  (sec.  14,  T.  13  S.,  R.  67 
W.),  collected  by  A.  C.  Peale  and  M,  I.  Gold- 
man, 1908. 

Cyperadtes?  sp. 

Plate  IV,  figure  1. 

CyperacUes?  sp.  Knowlton  Inomen],  U.  S.  Geol.  Survey 
Bull.  696,  p.  223,  1919. 

The  collections  from  Leyden  Gulch  contain  a 
number  of  specimens  that  are  somewhat  diffi- 
cult of  interpretation,  though  obviously  they 
are  of  monocotyledonous  type.  They  appear 
to  represent  the  stems  and  leaves  of  some  plant 
resembling  a  sedge  or  possibly  a  grass.  They 
are  from  8  to  10  millimeters  wide  and  nearly  1 
millimeter  in  thickness  as  now  compressed; 
what  appear  to  be  leaves  of  the  same  plant  are 
1.5  centimeters  wide.  They  are  provided  with 
numerous  very  fine,  close,  parallel  nerves, 
about  8  or  10  to  each  millimeter.  There  is  a 
little  evidence  to  show  that  some  of  the  nerves 
are  slightly  heavier  than  the  others,  but  the 
difference  is  not  marked.  There  is  also  some 
evidence  of  the  presence  of  cross  veins,  but  this 
is  very  obscure. 

This  form  is  of  no  particular  importance  bio- 
logically and  is  described  simply  for  the  pur- 
pose of  showing  that  certain  plants  of  this 
general  type  were  present  at  this  time. 

Occurrence:  Laramie  formation,  Leyden 
Gulch,  6i  miles  north  of  Golden,  Colo.,  collected 
by  A.  C.  Peale,  1908. 

FomUy  GRAHINEAE. 
Phragmites  laramianiifi  Cockerell. 

Phroffmites  laramianus  Cockerell,  Torreya,  vol.  9,  p.  141, 

1909. 
Phragmites  oeningensis  Al.  Braun.     Lesquereux,  Tertiary 

flora:  U.  S.  Geol.  Survey  Terr.  Kept.,  vol.  7,  p.  88, 

pi.  8,  figs.  1,  2,  1878. 

The  specimens  %ured  by  Lesquereux  in  the 
** Tertiary  flora"  under  the  name  Phrdgmites 
oeningensvi  are  preserved  in  the  collections  of 
the  United  States  National  Museum  (Nos.  93, 
94).  They  came  from  Golden,  Colo.,  the 
matrix  on  which  they  occur  being  the  hard 
white  sandstone  characteristic  of  the  Laramie 
at  that  locality.  These  specimens  are  before 
me  and  appear  to  have  been  fairly  well  figured 
and    described.     They    are    mere    fragments, 
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Jugbuifl  newbenyi  Knowlton,  n.  sp. 

Plate  XX,  figures  8-10. 

Juglana  ruwberryi  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  335,  1919. 

Leaves  or  leaflets  large,  about  15  centimeters 
long  and  4.5  or  5  centimeters  wide,  with 
entire  margins;  blade  long,  narrow,  wedge- 
shaped  and  strongly  inequilateral  at  base,  rather 
long-acuminate  at  apex;  midrib  thick,  strong; 
secondaries  alternate,  numerous  (about  20 
pairs),  at  an  open  angle,  camptodrome,  arch- 
ing and  joining  just  inside  the  borders,  some- 
times festooned  outside  the  arches;  interme- 
diate secondaries  numerous,  often  extending 
nearly  to  the  margin;  nervilles  strong,  mainly 
percurrent  and  oblique  to  the  secondaries; 
reticulation  obsolete. 

This  fine  species  is  represented  by  four 
specimens,  none  of  which,  however,  is  pre- 
served entire.  Two  of  them  have  the  bases 
preserved,  one  the  apex,  and  the  other  repre- 
sents a  segment  near  the  middle  of  the  blade. 
They  are  rather  long,  narrow  leaflets,  strik- 
ingly inequilateral  at  the  base  and  acuminate 
at  the  apex. 

This  species  calls  to  mind  a  number  of  fossil 
forms,  yet  when  carefully  compared  with  them 
it  is  found  to  differ  from  all.  It  has,  for  ex- 
ample, much  the  shape  and  size  of  Juglans 
denticulata  Heer,  or  J,  crossii  Bjiowlton,  as  it 
is  now  called,**  which  differs  in  having  numer- 
ous sharp  teeth.  It  also  suggests  certain  of 
the  narrower  leaflets  of  J,  rugosa  Lesquereux," 
which  differs  in  general  in  being  more  or  less 
heart-shaped  at  the  base  and  in  having  fewer 
secondaries. 

Juglans  acuminata  Al.  Braun,"  of  the  Swiss 
Miocene,  which,  by  the  way,  it  is  almost  im- 
possible to  distinguish  from  J.  rugosa^  has 
much  the  same  nervation  and  size  as  J.  new- 
berry  i  but  differs  in  shape.  Juglans  calif  or- 
nica  Lesquereux,**  from  the  auriferous  gravels 
of  California,  is  not  greatly  unlike  the  form 
under  discussion,  differing  in  being  obtuse  at 
the  apex  and  less  unequal-sided  at  the  base. 

I  have  named  this  species  in  honor  of  the 
late  Dr.  J.  S.  Newberry,  who  did  so  much  to 
develop  the  paleobotany  of  the  Rocky  Moun- 
tain region. 

w  U.  S.  Ge  1.  Survey  Bull.  152,  p.  122,  1898. 

M  U.  S.  Ge;l.  Suney  Terr.  Rept.,  vol.  7,  p.  2Sa,  pi.  55,  flg^.  19, 187S.' 

»  Flora  tertiaria  Hdvetiae,  vol.  3,  pi.  128.  fijf3.  l-in. 

•*  Harvard  Coll.  Mus.  ('omp.  Zoology  Mem.,  vol.  ft,  pi.  9,  fig.  14,  1878. 


Occurrence:  Laramie  formation,  Erie,  Cole, 
collected  by  N.  L.  Britton  about  1880. 

Juglans  laramiensis  Knowlton,  n.  sp. 

Plate  XX,  figure  12. 

Juglars  laramienms  .Knowlton  [nomen  nudum],    U.    S. 
Geol.  Survey  Bull.  €96,  p.  334,  1919. 

Leaflets  coriaceous,  long  and  narrowly  ovate- 
lanceolate,  often  slightly  unequal-sided  at  the 
base,  rather  gradually  narrowed  from  the 
widest  point,  which  is  about  one-fourth  the 
length  of  the  blade,  to  the  base  and  upward  to 
the  long,  narrow  acuminate  apex;  margin 
entire;  nervation  strongly  and  plainly  marked, 
consisting  of  a  Mther  strong,  straight  midrib 
and  some  9  or  10  pairs  of  alternate  or  sub- 
opposite  secondaries  which  arise  at  an  angle, 
curve  considerably  upward,  and  disappear 
close  to  the  margin  or,  especially  in  the  upper 
part,  join  the  secondary  next  above;  nervilles 
numerous,  strong,  both  percurrent  and  broken, 
inclining  to  be  at  right  angles  to  the  midrib  on 
one  side  of  the  blade  and  to  the  secondaries  on 
the  other  side;  finer  nervation  not  retained. 

This  strongly  marked  species  is  represented 
by  several  specimens,  one  of  the  best  of  which 
is  figured.  They  are  lanceolate  or  very 
narrowly  ovate-lanceolate,  with  an  obtusely 
wedge-shaped  base  and  a  long,  gradually 
narrowed,  sharp-pointed  apex.  The  larger  of 
these  two  examples  is  9.5  centimeters  in 
length  and  about  3  centimeters  in  width;  the 
smaller  is  about  8  centimeters  in  length  and 
2.25  centimeters  in  width.  The  petiole  is  not 
preserved  in  either. 

This  species  is  very  suggestive  of  Juglans 
schimperi  Lesquereux,'^  from  the  Green  River 
formation  at  Green  River,  Wyo.  It  is  of 
practically  the  same  shape  and  size  but  differs 
in  having  only  9  or  10  instead  of  some  18  pairs 
of  secondaries,  which  are  at  a  more  acute  angle 
and  rather  more  arched  upward,  while  the 
nervilles  are  stronger,  more  commonly  per- 
current, and  at  right  angles  to  the  midrib  on 
one  side. 

In  his  treatment  of  Juglans  schimperi  in  the 
'Tertiary  flora''  Lesquereux  states"  that  the 
original  of  his  Plate  LVI,  figure  9,  came  from 
Golden,  Colo.  This  particular  specimen  is 
fortunately   preserved   in    the   United   States 

»  The  Tertiary  flora:  V.  S.  (JeM.  Sun'oy  Terr.  Rept.,  vol.  7,  pi.  56, 
ftp  .  ^-10,  I'^TS. 
"  Idem,  p.  2S8. 
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National  Museum  (No.  468),  and  in  the  cata- 
l<^e  of  fosait  plants  it  is  recorded  in  Les- 
quereux's  handwriting  as  having  come  from 
Green  River,  Wyo.  The  matrix  is  not  that 
of  Golden  but  agrees  perfectly  with  the  abun- 
dant material  found  above  the  fish  beds  at 
Green  River,  and  there  is  consequently  no 
reason  for  supposing  that  this  species  has 
ever  been  found  in  the  Denver  beds  at  Golden. 
Occurrence:  Laramie  forination.  Coal  Creek, 
Boulder  County,  Colo.,  collected  by  N.  L. 
Britton  about  1880. 

Jnglans  leconleuia  Lc«quereux. 
Plate  VIII,  Sguree  1-3  [typeej. 
Jvglant  Utxmttana   Leequereux,   U.   S.   Geol.   aDd   Geog. 
Survey  Terr.  Ann.  Rept.  lor  1870,  p.  382,  1872; 
idem  tor  1876,  p.  517.  1878;  U.   S.  Geol.  Survey 
Terr.  Rept.,  vol.  7,  p.  285,  pi.  54,  figs.  10-1-1.  1878 
[fige.  10-12  here  reproduced]. 
Friederich,   Beitriige  zut  Kentniss  der  Tettiarflorft 
von  Sachsen.  p.  150,  pi.  19,  fig.  7,  1883 

This  species  is  in  much  confusion.  Three  of 
the  specimens  figured  in  the  "Tertiary  flora" 
(figs.  10-12)  are  not  now  and  have  apparently 
never  been  in  the  collections  of  the  United 
States  National  Museum.  They  came,  accord- 
ing to  Lesquereux,  from  the  Marshall  coal 
mine,  m  Boulder  County,  Colo.,  and  are  prob- 
ably lost.  The  original  of  Lesquereux's 
figure  13  is  the  only  one  in  the  United  States 
National  Museum  (No.  453).  it  is  stated  in 
the  "Tertiary  flora"  to  have  come  from  Evans- 
ton,  Wyo.,  but  in  the  Museum  catalogue  it  is 
recorded  from  Black  Buttes,  Wyo.,  in  Les- 
quereux's handwriting.  This  last  statement 
is  probably  correct,  for  the  fossil  is  preserved 
in  a  fragment  of  the  "red  baked  shale"  so 
characteristic  of  the  upper  beds  at  this  place. 

In  the  annual  report  of  the  Hayden  Survey 
for  1870,  page  382,  this  species  is  recorded  in  a 
list  of  species  found  at  Raton  Pass,  N.  Mex., 
but  the  specimen  or  specimens  upon  which  this 
statement  is  based  has  never  been  in  the 
United  States  National  Museum,  and  the  refer- 
ence may  safely  be  dismissed  as  an  error. 

Lesquereux  has  also  reported  this  species 
from  Cherry  Creek,  Wasco  County,  Oreg.,  but 
there  was  only  a  single  example,  which  I  ex- 
cluded from  my  flora  of  these  beds  •'  on  the 
ground  that  it  was  so  poorly  preserved  as  to 
be  impossible  of  determination. 

"V.  B.  0«ol.  Survey  Dull.  204,  p.  SS,  IVU. 


Friederich  has  identified  this  species  with  a 
leaf  from  the  lower  Oligocene  of  Bomstedt, 
in  Saxony,  remarking  at  the  same  time  that 
he  was  unable  to  draw  any  line  between 
Lesquereux's  Juglans  rugosa,  J.  rhamnoidee, 
and  J.  leconieoTUi.  He  also  adds  that  they 
might  better  be  referred  to  Dioapyroa,  a 
view  which  can  hardly  be  accepted,  for  J. 
rugosa  at  least.  Lesquereux  himself  acknowl- 
edges that  it  is  hardly  possible  to  distinguish 
this  species  from  J.  rugosa,  yet  he  says; 

It  differs  by  comparatively  ehorler,  broadet  leaves, 
which  are  firet  rounded,  then  abruptly  curved  oi  nanowed 
to  the  short  petiole;  by  the  lateral  nerves  at  a  mora  acute 
angle  of  divergence  (40°),  paoing  nearly  straight  toward 
the  borders,  with  thin  simple  bows  nearer  to  them. 

Although  the  differences  are  not  great  and 
might  possibly  break  down  with  a  larger 
series  of  specimens  for  comparison,  I  have 
decided  to  maintain  this  species  as  left  by  its 
author,  especially  as  the  types  are  nearly  all 
lost,  and  no  additional  material  is  forth- 
coming. 

Occurrence:  Laramie  formation,  Marshall 
mine,  Marshall,  Boulder  County,  Colo.  Post- 
Laramie  (in  my  opinion) ,  tBIack  Buttes, 
Wyo.     Evanston  formation  f,  lEvanston,  Wyo. 

Joglana  praongosa  Knowlton,  n.  sp. 
Plate  V,  figure  2;  Plate  XXI,  figure  6. 
Jugtani  praerugota  Knowlton  [nomen  nudum],  U.  S.  Geol. 

Survey  Bull.  696,  p.  396,  1916. 
Jvglant  nigota   Lesquereux,   Am.   Jour.    Sci.,   2d   ser, 
vol.  45,  18  8;  U.  S.  Geol.  Survey  Terr.  Third  Ann. 
Kept.,  p.  9U,  1869  [reprint,  p.  198,  1873]. 

Leaflets  evidently  rather  thin  in  texture, 
ovate  or  ovate-elliptical,  abruptly  rounded  to 
the  truncate  base  (apex  destr'oyed) ;  margin 
entire;  midrib  slender,  straight;  secondaries 
apparently  six  or  seven  pairs,  alternate,  at 
a  low  angle,  camptodrome. 

The  specimens  upon  which  this  form  ia  of 
necessity  founded  are  fragmentary,  and  com- 
plete characterization  is  diflicult.  It  appears 
to  be  broadly  ovate  or  perhaps  elliptical-ovate. 
It  may  also  possibly  be  slightly  unequal-sided. 
The  length  was  apparently  about  9  or  10  centi- 
meters, and  the  width  between  4  and  4.5 
centimeters. 

Juglans  rugosa  Lesquereux  was  named  in 
1868  from  material  obtained  from  the  Marshall 
mine,  Marshall,  Colo.,  but  it  was  neither 
described  nor  figured  at  that  time.    The  only 
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note  of  explanation  then  given  is  as  follows:*' 
**  Very  nearly  related  to  «7.  acuminata  Al.  Braun, 
a  species  extensively  distributed  in  the  Euro- 
pean Miocene."  This  note  was  copied  without 
change  by  Hayden  •*  in  1869,  and  the  species 
was  alluded  to  in  several  other  Hayden  reports, 
but  not  until  1878  ^  was  it  really  described  and 
figured.  Now,  another  complication  is  intro- 
duced with  the  describing  and  figuring  of  this 
species.  The  original  locaUty  of  Marshall 
for  Juglans  rugoaa  is  nowhere  mentioned  in 
the  *' Tertiary  flora,''  and,  so  far  as  known, 
none  of  the  original  specimens  are  extant.  The 
diagnosis  and  figures  in  the  *' Tertiary  flora" 
are  based  in  the  main  on  material  from  Evans- 
ton,  Wyo.,  obtained  ''above  the  coal."  Of  the 
13  figured  specimens  of  Juglans  rugosa,  11  are 
now  in  the  collection  of  the  United  States 
National  Museum,  the  missing  ones  being  the 
originals  of  Lesquereux's  Plate  LIV,  figure  5, 
and  Plate  LVI,  figure  1.  Both  these  specimens 
are  said  to  have  come  from  Golden,  Colo., 
though  whether  from  Laramie  or  Denver  beds 
can  not  be  ascertained. 

In  order  that  there  may  b6  less  trouble  in 
future  in  identifying  these  type  specimens,  the 
following  list  is  given  of  their  illustrations  in 
the  ''Tertiary  flora"  and  the  corresponding 
numbers  in  the  United  States  National  Museum 
catalogue: 

Catalogue  No. 

Plate  LIV,  figure  14 454 

Plate  LV,  figure  1 851 

figure  2 455 

figure  3 455a 

figure  4 456 

figure  5 457 

figures 458 

figure? 460 

figure  9 459 

Plate  LVI,  figure  2 463 

Of  these  specimens  Nos.  455,  455a,  457,  458, 
459,  461,  and  851  are  from  Evanston,  Wyo., 
and  are  so  recorded  in  the  Museum  catalogue. 
No.  460  is  recorded  as  being  from  Golden, 
Colo.,  but  attached  to  the  specimen  is  a  small, 
obscure  original  label  which  states  that  it  also 
is  from  Evanston,  and  as  it  agrees  perfectly 
with  the  matrix  of  the  other  specimens  this 
label  is  probably  correct.  No.  456  is  said  to  be 
from  Point  of  Rocks,  Wyo.,  but  the  matrix  is 

«  Am.  Jour.  Sci..  2d  ser.,  vol.  45,  p.  200.  Mm. 
•«  U.  S.  Goal.  Survey  Terr.  Third  Ann.  Kept,  [reprint,  1«73|.  p.  19  >. 
•»  Lesqnereux,  I-eo,  The  Tertiary  flora:  U.  S.  (Jcol.  Survey  Terr.  Rept., 
vol.  7,  p.  286,  pi.  H  figs.  6,  14;  pi.  55,  flg3. 1-9;  pi.  5j,  figs.  1,  2,  1878. 


also  like  that  of  the  Evanston  specimens  an^ 
unlike  that  ordinarily  found  at  Point  of  Rocks, 
though  we  are  confronted  by  the  fact  that  it 
bears  an  original  label  recording  it  from  the 
latter  locality.  This  species  was  not  recog- 
nized in  my  ''Flora of  the  Montana  formation,"  •• 
and  it  is  probably  safe  to  exclude  it  from 
Point  of  Rocks.  It  has,  however,  been  found 
subsequently  at  many  localities,  such  as 
Grolden,  Colo.,  in  beds  of  Denver  age;  Carbon, 
Wyo.,  in  the  ''Upper  Laramie"  of  Veatch; 
many  points  in  southern  Colorado  and  north- 
em  New  Mexico,  in  the  Raton  formation;  the 
Bozeman  coal  field  of  Montana;  and  Black 
Buttes,  Wyo.,  in  beds  believed  by  me  to  be 
of  post-Laramie  age. 

From  the  above  account  it  appears  that, 
although  named  from  material  of  Laramie  age 
at  Marshall,  Juglans  nigosa  as  it  has  come  to 
be  known  is  based  on  described  and  figured 
material  from  higher  or  post-Laramie  horizons. 
There  is  no  means  of  knowing  just  what  the 
original  Marshall  leaves  were  like,  beyond  the 
fact  already  mentioned  that  they  are  said  to 
resemble  Juglans  acuminata.  It  is  for  these 
reasons  that  Juglans  rugosa  is  excluded  from 
the  Laramie  flora.  It  appears  to  be  essentially 
a  Tertiary  species,  and  its  occurrence  in  Cre- 
taceous beds  must  be  left  open  to  subsequent 
discoveries. 

There  is,  of  course,  no  certainty  that  the 
leaflets  here  described  as  Juglans  praerugosa 
are  the  same  as  the  form  to  which  LesquereUx 
gave  the  name  of  J.  rugosa  y  and  in  fact  they 
do  not  diflFer  from  it  very  markedly.  The 
leaves  of  J.  praerugosa  seem  to  have  been 
thinner  and  do  not  appear  particularly  rugose. 
As  a  matter  of  fact,  better  material  is  needed 
before  it  can  be  completely  diagnosed. 

Occurrence:  Laramie  formation,  Marshall 
mine,  Marshall,  Colo.,  collected  by  Arthur 
Lakes,  1890. 

Hicoria  an^lata  Knowlton,  n.  sp. 

Plate  V,  figure  4. 

Hicoria  angulcUa  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  319,  1919. 

Fruit  ovoid,  truncate  at  base,  obtusely 
pointed  at  apex,  strongly  several-angled  (prob- 
ably four)  or  ridged. 

This  beautifully  preserved  fruit  is  well 
shown  in  the  figure.     It  is  22  millimeters  long 

I      M  u.  S.  Geol.  Survey  Bull.  103,  IWO. 
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and  about  14  millimeters  in  broadest  diameter. 
If  correctly  interpreted,  it  should  belong  to 
that  section  of  the  living  genua  in  which  the 
husk  or  exocarp  adheres  closely  to  the  shell 
and  splits  away  only  at  maturity,  and  even 
then  not  to  the  extreme  base. 

In  the  material  from  Mount  Carbon,  near 
Morrison,  there  is  another  specimen  of  this 
species.  It  is  of  about  the  same  shape  us  the 
one  figured  hut  is  a  little  la^er. 

Occurrence:  Laramie    formation,    Marshall, 
Colo.,  railroad  cut  between  old  and  new  sta- 
tions, collected  by  A.  C.  Peale;  Mount  Carbon, 
near  Morrison,  Colo.,  collected  by  Arthur  Lakes. 
Hlcoria  minntul*  Knoiriton,  n.  ap. 
Plate  V,  figure  5. 
Hieoria  miwUula  Knowlton  [nomea  nuduml,  V.  H.  Geal. 
Survey  Bull.  696,  p.  320,  1919. 

Similar  to  the  last  but  very  much  smaller. 
The  length  is  14  millimeters  and  the  diameter 
about  9  millimeters.  The  husk,  less  than  1 
millimeter  thick,  is  apparently  present,  and  in 
the  apical  portion  it  may  be  noted  becoming 
fibrous  or  slightly  frayed. 

It  is  not  certain  that  this  should  be  held  as 
distinct  from  H.  anguLata,  as  it  hardly  differs 
except  in  size  and  may  be  only  an  immature 
specimen  of  that  species.  However,  it  can  i\o 
no  harm  to  consider  them  separately  until 
further  data  can  be  procured. 

Occurrence;  Laramie  formation,  wooded  bluff 
BOUth  of  Marshall,  Colo.,  collected  by  A.  C. 
Peale,  1 90S. 

Older  HTSICALBB. 

FunU;  HTBICACKAE. 
Mrrica  torreri  Lesquereuz. 

Mjfriai  torreyi  Lesquereux,  U.  S.  Geo!,  and  Geog.  Survey 
Terr.  Ann.  Rept.  tor  1872,  p.  392,  1873;  idem  for 
1876,  p,  503,  1878;  Tertiary  flora:  U;  S.  Oeol.  Survey 
Terr.  Rept.,  vol.  7,  p.  129,  pi.  14,  figs.  3-10,  1878. 
Ward,  V.  S.  Geo!.  Survey  Sixth  Ana.  Kept,,  p.  551. 
pi.  40,  fig.  4,  1886;  iJem,  Dull.  37,  p.  32,  pi.  14. 
fig.  5,  1887. 
Knowlton,  U.  S,  Geol.  Survey  Bull.  163,  p.  34,  pi.  6, 

figs.  1-3,  1900. 
Cockerell,  Colorado  Univ.  Studies,  vol.  7,  p.  150, 1910. 
The  type  locality  of  this  species  is  Black 
Buttes,  \Vyo.,  and  all  but  two  of  the  figured 
types  are  preserved  in  the  United  States  Na- 
tional Museum  (Nos.  138-142,  inclusive),  the 
others  having  been  lost  or  misplaced.  The 
species  was  well  described  and  illustrated  by 
Lesquereux,   and  none  of   the  material  since 


obtained  adds  materially  to  our  knowledge 
of  it. 

Since  the  original  finding  at  Black  Buttas 
this  species  has  been  reported,  on  evidence  of 
more  or  less  value,  as  occurring  at  so  many 
additional  localities  that  it  has  largely  been 
robbed  of  its  value  as  a  stratigraphic  marker. 
Thus,  Ward  found  it  at  Point  of  Rocks,  Wyo., 
in  beds  now  referred  to  the  Mesaverde  forma- 
tion. These  specimens  are  illustrated  in  my 
"Flora  of  the  Montana  formation,""  and  al- 
though the  leaves  shown  in  figures  1  and  2  of 
that  bulletin  are  probably  correcEIy  identified, 
that  of  figure  3  is  more  doubtful. 

What  was  presumed  to  be  this  speciea  was 
found  at  Dunn's  ranch,  30  miles  north  of 
Laramie,  Wyo.,  and  also  at  Harper  station, 
on  the  Union  Pacific  Railroad  about  6  miles 
west  of  Dunn's  ranch.  All  these  localities  are 
now  referred  to  the  Mesaverde  formation. 
The  specie.s  has  also  been  reported  from  the 
Mesaverde  formation  near  Meeker,  Colo.,  and 
the  \'ermejo  formation  at  Rockvole,  near 
Canon  City,  at  La  Veta,  near  Trinidad,  and  ai 
Walsenburg,  Colo.  It  has  likewise  been  re- 
ported from  the  Lance  formation  of  Converse 
County,  Wyo.,  although  the  specimens  found 
there  are  narrower  than  is  usual. 

Occurrence;  Laramie  formation,  Crow  Creek, 
25  miles  southeast  of  Greeley,  Colo,  Post^ 
Laramie  (in  ray  opinion).  Black  Buttes,  Wyo. 
(types).  ?Lance  forraation.  Converse  Coufity, 
Wyo.  Mesaverde  formation.  Point  of  Rocks, 
Wyo.  Vermejo  formation,  Rockvale,  La  Veta, 
and  Walsenburg,  Colo. 

Myrica  dnbia  KnowKon,  a.  ap. 

Plat«  V,  figure  3. 
Myrica  dubia  Knowlton  [nomen  nudum],  U.  S.  Geol.  Sur- 
vey Bull.  696,  p.  394,  1919. 

Leaves  small,  lanceolate,  obtusely  wedge- 
shaped  at  base  (apex  destroyed) ;  margin  en- 
tire; midrib  relatively  thick;  intramarginal 
vein  well  marked,  other  nervation  consisting 
of  thin,  irregular  veins  connecting  the  midrib 
and  intramarginal  vein. 

This  species  ia  most  closely  related  to  Myrica 
torreyi  Lestjuercux  "  but  differs  in  its  smaller 
size,  more  obtuse  base,  and  above  all  the  per- 
fectly entire  margin. 


;,  pi.  IS, 
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'Occurrence:  Laramie  formation,  Popes  Bluff, 
just  west  of  Pikeview,  Colo.  (sec.  14,  T.  13  S., 
R.  67  W.),  collected  by  A.  C.  Peale  and  M.  I. 
Ooldman,  1908. 

Myrica  oblonglfoiia  Knowlton,  n.  sp. 

Plate  XXI.  figure  1. 

Myrica  obhngifolia  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  396,  1919. 

Leaves  membranaceous,  long-elliptical, 
rounded  to  a  slightly  wedge-shaped  base  and 
to  an  obtuse  apex;  margin  with  numerous 
small,  sharp'  teeth  for  the  lower  two-thirds, 
thence  undulate  and  nearly  entire  to  the  apex; 
nervation  paryphodrome,  with  a  slender  mar- 
ginal nerve  around  the  leaf  1  millimeter  from 
the  border;  slender  nerves  from  the  outside  of 
this  intramarginal  nerve  appear  to  enter  the 
teeth;  nerves  very  numerous,  yet  at  an  acute 
angle,  irregular  and  broken,  often  joining,  end- 
ing when  they  reach  the  border,  in  the  intra- 
marginal vein;  nervilles  usually  percurrent. 

This  species  is  based  upon  the  single  fine 
specimen  figured.  It  is  about  8.5  centimeters 
long  and  4  centimeters  broad,  with  a  petiole  0.5 
centhneter  long.  It  is  a  broad,  long-elliptical 
leaf  which  is  about  equally  rounded  to  both 
base  and  apex.  The  teeth  begin  within  1  centi- 
meter of  the  ^ase,  and  are  fine,  sharp-pointed, 
and  directed  toward  the  apex.  In  the  upper 
portion  of  the  blade  the  teeth  are  reduced  to 
mere  undulations,  and  at  the  apex  the  margin 
is  nearly  entire. 

The  most  pronoimced  characteristic  of  this 
leaf  is  the  strongly  marked  paryphodrome 
nervation — that  is,  a  thin  intramarginal  nerve 
extending  all  around  the  leaf  about  1  milli- 
meter distant  from  the  margin.  The  other 
nerves,  or  secondaries,  if  they  may  be  so  called, 
are  very  numerous,  at  a  low  angle  of  divergence, 
and  much  broken  and  irregularly  joined. 

It  is  difficult  to  determine  the  genus  to  which 
this  leaf  should  be  referred.  There  are  a  num- 
ber of  living  genera  that  have  this  peculiar 
paryphodrome  nervation,  as,  for  example,  TVw- 
tania  of  the  family  Myrtaceae,  Ardis^ia  of  the 
Myrsinaceae,.  and  Dodonaea  of  the  Sapinda- 
ceae,  as  well  as  many  others  less  likely  to  be 
represented  in  a  fossil  state.  On  the  whole  it 
appears  best  to  refer  it  to  Myrica  because  it 
agrees  in  this  character  with  many  living  spe- 
cies of  the  genus — ^for  example,  M.  terebiuttacea 
Goppert,  from  tropical  America,  and  Myrica 


sp.  from  Brazil — and  also  because  it  is  evi- 
dently allied  to  Myrica  torreyi  Lesquereux,  a 
fossil  species  of  wide  vertical  range  which  is 
also  foimd  in  the  Laramie.  Myrica  torreyi 
is  imdoubtedly  the  nearest  relative  of  if. 
oblongifolia  that  has  not  been  described  from 
material  collected  in  this  area.  It  differs,  how- 
ever, in  being  narrowly  lanceolate  instead  of 
broadly  oblong  and  in  being  linear-acuminate 
instead  of  obtuse.  The  teeth  in  M,  torreyi  are 
lai^er  and  more  distant. 

This  new  species  does  not  appear  to  be 
closely  related  to  any  of  the  other  fossil  Ameri- 
ican  species  of  Myrica.  It  has  much  the  shape 
and  marginal  dentation  of  CelastrophyUum  de- 
currens  Lesquereux,  from  the  Dakota  sand- 
stone, but  that  species  differs  absolutely  in  the 
nervation.  Myrica  oblongifolia  is  also  in  out- 
line and  serration  like  the  figures  of  Quercus 
haidingeri  Ettingshausen  given  by  Lesque- 
reux,*" but  that  species  also  differs  in  nervation. 

Occurrence:  Laramie  formation,  Marshall 
mine,  Marshall,  Boulder  County,  Colo. 

Order  SALICALBS. 
ramUy  SAUCACXAX. 

SaUz  RiTricoides  Knowlton,  n.  sp. 

Plate  IV,  figure  7. 

Salix  myricoides  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  569,  1919. 

Leaf  linear-lanceolate,  with  a  very  long, 
slenderly  acuminate  apex  and  an  apparently 
rather  obtusely  wedge-shaped  base;  margin 
entire;  midrib  relatively  very  thick;  secon- 
daries very  numerous,  probably  about  20  pairs, 
approximately  at  right  angles  to  the  midrib, 
each  joining  the  one  next  above  by  a  broad 
loop  just  inside  the  margin;  finer  nervation 
obsolete. 

The  only  example  of  tliis  characteristic  spe- 
cies observed  is  the  one  here  figured.  It  is 
about  8  centimeters  in  length  and  1  centimeter 
in  maximum  width;  this  width  holds  for  more 
than  half  the  length  of  the  leaf.  The  leaf 
appears  to  have  been  rather  thick,  and  as  it  is 
the  upper  side  that  is  exposed,  the  nervation 
is  obscured,  all  that  can  be  made  out  being  the 
very  thick  midrib  and  the  numerous  close,  par- 
allel secondaries  nearly  at  right  angles  to  it. 

e*  I/edquereux,  Leo,  U.  S.  Qeol.  Survey  Terr.  Rept.,  Tol.  7,  p.  IS^ 
pi.  20,  figs.  9, 10, 1878. 
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Occurrence:  Laramie  formation,  cut  on  Mof- 
f  a,t  railroad  (Denver  &  Salt  Lake)  about  6  or 
8  miles  north  of  Golden,  Colo.,  collected  by 
A,  C.  Peale,  1908. 

Saliz  wyomingeiisis  Knowlton  and  Cockerell. 

Plate  IV,  figures  3,  4,  8. 

S€Uix  wyomingensis  Knowlton  and  Cockerell,  U.  S.  Geol. 

Survey  Bull.  696,  p.  5T2,  1919. 
SaUx  integra  G6ppert,  Deutsch.  geol.  Gesell.  Zeitschr., 

vol.  4,  p.  493,  1852. 
.  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann. 

Kept,  for  1873,  p.  397,  1874;  Tertiary  flora:  U.  S. 

Geol.  Survey  Terr.  Kept.,  vol.  7,  p.  167,  pi.  7,  figs. 

1,  2,  1878. 

The  American  specimens  on  which  is  based 
the  determination  that  this  form  occurs  in  the 
United  States  are  included  in  the  collections  of 
the  United  States  National  Museum  (No.  197) 
and  are  preserved  on  the  red  baked  shale  char- 
acteristic of  a  certain  horizon  at  Black  Buttes, 
Wyo.  They  agree  fairly  well  with  the  Euro- 
pean figures  of  this  species,  and  the  species  may 
be  considered  as  probably  present  in  this 
country. 

In  the  ''Tertiary  flora''  Lesquereux  mentions 
a  single  example  from  Golden,  Colo.  This 
specimen  is  No.  837  of  the  United  States 
National  Museum  collection  and  is  preserved 
on  a  hard  fine-gramed  whitish  sandstone  char- 
acteristic of  the  Laramie  at  Golden.  This  spe- 
cies is  also  represented  by  specimens  from  Coal 
Creek,  Boulder  County,  Colo.,  one  of  the  best 
preserved  of  which  is  shown  in  Plate  IV, 
figure  8. 

In  a  collection  made  at  Marshall  by  Peale 
there  are  a  number  of  willow  leaves,  the  most 
perfect  of  which  are  here  figured  (PI.  IV,  figs. 
3,  4).  They  are  evidently  fairly  thick,  but  the 
nervation  is  obscure.  So  far  as  can  be  made 
out,  however,  they  are  the  same  as  the  form 
figured  by  Lesquereux  under  the  name  Salix 
integra.  It  is  to  be  noted  that  the  leaves  of 
Salix  are  often  lacking  in  diagnostic  characters, 
and  they  are  described  with  diflSculty. 

Occurrence:  Laramie  formation.  Golden, 
Colo.,  original  collections  studied  by  Lesque- 
reux; Coal  Creek,  Boulder  County,  Colo.,  col- 
lected by  N.  L.  Britton  about  1884;  Marshall, 
Colo.,  collected  by  A.  C.  Peale,  1908.  Post- 
Laramie  (in  my  opinion),  Black  Buttes,  Wyo. 
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I  Salix  brittoniaiia  Knowlton,  n.  sp. 

Plate  XXI,  figure  8. 

Salix  hrittoniana  Kuowlton  [nomeo  ixudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  565,  1919. 

Leaf  of  firm  texture,  narrowly  lanceolate, 
tapering  below  to  a  long,  narrowly  wedge- 
shaped  base;  apex  not  preserved;  margin 
perfectly  entire;  nervation  strong,  pinnate, 
consisting  of  a  relatively  strong  midrib  and 
probably  8  or  10  pairs  of  alternate,  remote 
secondaries,  each  of  which  arises  at  an  acute 
angle,  passes  upward  for  a  long  distance,  and 
disappears  near  the  margin  or  unites  by  a^ 
slender  apex  to  the  secondary  next  above; 
nervilles  none;  finer  nervation  obscure  but 
apparently  consisting  of  a  minute  quadrangular 
areola  tion. 

The  type  of  this  species,  and  unfortunately 
the  only  one  observed,  lacks  the  upper  portion 
of  the  leaf  and  would  not  be  described  as  new 
except  for  the  marked  difference  between  it 
and  anything  else  thus  far  noted  in  these  beds. 
The  portion  observed,  which  includes  the  base, 
is  5.5  centimeters  long  and  was  possibly  twice 
this  length  when  perfect;  the  width  does  not 
exceed  1  centimeter.  Its  principal  feature  is 
the  secondary  nervation,  described  above. 

As  regards  size,  shape,  and  margin  this  leaf 
is  very  much  like  many  leaves  that  have  been 
referred  to  Salix  angusta  Al.  Braun,'*^  ,but  it 
differs  distinctly  in  the  nervatibn;  so  also  it 
agrees  with  S,  amygdalaefolia  Lesquereux  as 
regards  the  type  of  secondary  nervation  but 
differs  in  shape  and  mai^in.  It  is  believed  to 
be  hardly  worth  while  to  follow  resemblances 
further,  as  willow  leaves  are  in  general  so 
variable,  yet  it  is  thought  that  this  species, 
fragmentary  as  the  type  is,  is  suflGiciently  well 
marked  to  be  readily  recognized  in  the  future. 
It  has  been  named  in  honor  of  N.  L.  Britton, 
director  of  the  New  York  Botanical  Garden, 
who  collected  it. 

Occurrence:  Laramie  formation.  Coal  Creek, 
Boulder  County,  Colo.  (Laramie),  collected  by 
N.  L.  Britton  about  1880. 


™  Cf.  Lesquereux,  Leo,  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr. 
Rept.,  vol.  7,  pi.  22,    fig.  4,  1878. 
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Populva?  distorto  Knowlton,  n.  sp. 

Plate  IV,  figure  6. 

Populusf  distorta  Knowlton  [uomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  488,  1919. 

Lieaf  of  small  size,  unequal  sided,  probably 
more  or  less  distorted  or  malformed,  outline 
now  broadly  ovate,  possibly  nearly  circular 
when  perfect,  base  abruptly  rounded  and 
truncate,  apex  obtusely  acuminate;  three- 
ribbed  from  the  extreme  base  of  the  blade, 
midrib  with  about  two  pairs  of  thin  secondary 
branches  high  up  above  the  middle,  lateral 
much  arched  outward,  each  with  several  thin 
branches  on  the  outside. 

This  form  is  represented  by  the  single  ex- 
ample figured,  and  this  seems  not  to  be  normal 
in  that  it  was  probably  nearly  circular  in  out- 
line when  perfect,  though  now  it  is  distinctly 
narrowed  on  one  side.  The  length  is  4.5  centi- 
meters and  the  width  about  3  centimeters, 
though  if  the  supposition  of  its  abnormality 
is  correct  it  should  have  been  a  little  over  4 
centimeters  in  width. 

This  appears  to  be  a  poplar  of  the  type  of 
PofuLus  arctica  Heer  ^* — that  is,  on  the  sup- 
position that  one  side  has  become  reduced, 
probably  by  injury  or  pressure — but  as  it  may 
be  normal  the  reference  to  Popvlus  has  been 
questioned. 

Occurrence :  Laramie  formation.  Cowan  sta- 
tion, 10  miles  south  of  Denver,  Colo.,  collected 
by  F.  H.  Knowlton. 

Order  FAOALES. 

Family  FAOACSAS. 

Quercus  praeangusUloba  Knowlton, 

Plate  V,  figures  6,  7  (types). 

Quercui  praeangustiloba  Knowlton,  U.  S.  Geol.  Survey 

Bull.  696,  p.  536,  1919. 
Qttercus  angustiloba  Al.  Braun.    Lesquereux,  U.  S.  Geol. 

and  Gepg.  Survey  Terr.  Ann.  Rept.  for  1872,  p.  378, 

1873;  idem  for  1873,  p.  381,  1874;  idem  for  1876,  p. 

506,  1878;  Tertiary  flora:  U.  S.  Geol.  Survey  Terr. 

Kept.,  vol.  7,  p.  161,  pi.  21,  figs.  4,  5,  1878.    [Les- 

quereux's  original  figures  of  these  types  are  here 

reproduced.] 

The  two  specimens  upon  which  this  species 
IS  based,  and  apparently  the  only  ones  ever 
obtained,  are  in  the  collections  of  the  United 
States    National    Museum    (Nos.    191,    192). 

n  Lesquereux,  Leo,  The  Tertiary  flora:    U.  8.  Geol.  Survey  Terr. 
Rept.,  voL  7,  pi.  23,  figs.  1-5, 1878. 


They  are  preserved  on  the  white  fine-grained 
sandstone  characteristic  of  the  Laramie  at 
Golden,  Colo.,  and  are  rather  obscure,  though 
the  figures  given  by  Lesquereux  and  here 
reproduced  show  them  very  well. 

These  leaves  have  until  now  been  referred  to 
the  European  Quercus  av^usiUoha  Al.  Braun,^ 
but  as  that  species  occurs  in  the  Oligocene  it 
seems  inherently  improbable  that  it  should  be 
common  also  to  the  American  Upper  Creta- 
ceous, though  of  course  this  is  not  in  itself 
proof  that  they  are  not  the  same.  In  the 
matter  of  outline  they  are  certainly  very  simi- 
lar, but  the  nervation  is  obscurely  retained  in 
the  European  specimens,  and  until  material  is 
obtained  showing  them  to  be  identical  it  seems 
best  to  treat  them  as  distinct. 

These  American  leaves  have  a  rather  strong 
resemblance  to  certain  leaves  of  Artocarpua. 
In  both  the  leaves  under  consideration,  the 
strong  secondaries  next  above  the  ones  going 
to  the  lower  lobes  pass  directly  toward  the 
sinuses,  but  it  is  impossible  to  see  whether  they 
enter  the  margin  or  pass  around  the  sinus  as 
intramarginal  veins.  In  one  of  the  larger  lobes 
there  seems  to  be  an  intramarginal  vein,  as  in 
ArtocarpuSy  but  it  is  too  indistinct  to  be  made 
the  basis  for  transferring  them  to  that  genus. 

The  specimen  from  CampbelFs  quarry.  Cross 
Lakes,  La.,  referred  by  Lesquereux  "  to  Quercii8 
angustUohay  is  also  in  the  United  States  National 
Museum  (No.  2551).  It  proves  to  be  a  minute 
fragment  without  base,  apex,  or  perfect  sides 
and  is  absolutely  worthless  in  determining  the 
presence  of  this  or  any  other  species. 

Occurrence:  Laramie  formation.  Golden, 
Colo. 

Quercus  straminea  Lesquereux. 

Quercus  straminea  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1872,  p.  373,  1873; 
Tertiary  flora:  U.  S.'Geol.  Surv^ey  Terr.  Rept.,  vol. 
7,  p.  151,  pi.  19,  figs  6,  7,  1878. 

The  type  specimens  of  this  species  are  pre- 
served in  the  United  States  National  Museum 
(fig.  6  =  No.  173,  fig.  7  =  No.  174)  and  are  on  the 
hard  sandstone  matrix  of  the  Laramie.  These 
two  specimens  are  so  unlike  that  it  was  at  one 
time  thought  best  to  separate  them;  in  fact, 
Lesquereux  himself  has  called  attention  to 
this  difference.     On  this  point  he  says: 


7'  Braun,  Al.,  in  Ludwig,  Rudolph,  Paleontographica.  vol.  8,  p.  103, 
pi.  36,  fig.  3. 1860. 
"  U.  8.  Nat.  Mua.  Proc.,  vol.  U.  p.  25, 1888. 
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These  leaves  seem  to  represent  two  different  species. 
They  have*  however,  a  common  character — that  of  the 
yellowish,  shining  secondary  veins,  which  I  have  not 
seen  on  any  other  species  of  fossil  plant  of  this  locality. 
The  leaf  in  figure  6  is  smaller,  with  the  secondary  veins  at 
a  more  acute  angle  of  divergence;  it  has,  however,  the 
same  character  of  nervation,  shorter  intermediate  tertiary 
veins,  and  more  or  less  distinct  veinlets,  oblique  to  thQ 
secondary  veins.  In  both  leaves,  also,  the  basilar  veins 
are  marginal  and  ascend  to  the  branches  of  the  secondary 
nerves  above. 

In  a  subsequent  paper  describing  plants 
from  the  Denver  fonnation  Lesquereux  ^* 
identified  this  species  with  question,  saying: 

The  leaf  which  I  refer  to  this  species  is  oval,  apparently 
denticulate  near  the  apex,  and  narrower  than  those  fig- 
ured in  Plate  XIX,  figures  6,  7.  It  may,  therefore,  be- 
long to  a  different  species. 

I  have  not  seen  these  forms,  but  to  judge 
from  the  remarks  quoted  it  would  seem  that 
they  are  properly  excluded  from  Q.  straminea. 

Occurrence:  Laramie  formation,  Golden, 
Colo. 

Quercns  eximia  Knowlton,  n.  sp. 

Plate  XXI,  figure  2. 

Quereus  eximia  Knowlton   [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  527,  1919. 

Leaf  oblong-lanceolate,  gradually  or  evenly 
narrowed  from  what  appears  to  be  about  the 
middle  of  the  blade  to  a  long  acuminate  apex; 
margin  provided  with  few  distant  upward- 
pointing  teeth;  midrib  very  strong,  running 
directly  to  the  apex;  secondaries  alternate,  10 
or  more  pairs  in  the  upper  half  of  the  leaf, 
emerging  at  an  angle  of  approximately  30°- 
40®,  some  apparently  entering  the  teeth  but 
most  of  them  arching  to  join  the  one  next 
above,  thence  forming  a  practically  continuous 
line  just  inside  the  margin;  finer  nervation  en- 
tirely obsolete. 

This  species,  which  unfortunately  is  repre- 
sented only  by  the  fragmentary  example 
figured,  must  have  been  18  or  20  centimeters 
long,  for  the  portion  preserved,  which  appears 
to  be  only  about  half  of  the  leaf,  is  11  centi- 
meters long.  It  is  about  4  centimeters  in 
greatest  width  and  tapers  gradually  to  an 
acuminate  apex.  One  side  of  the  leaf  is  pro- 
vided with  several  rather  prominent  upward- 
pointing  teeth;  the  other  side  is  merely  un- 
dulate  with   but   faint   indications   of    teeth. 


'<  Lesqaereux,  Leo,  Fossil  plants  collected  at  Qolden,  Colo.:  Har- 
vird  CoU.  Mus.  Comp.  Zoology  BuU.,  vol.  18,  p.  46, 1888. 


The  secondaries  are  distinctly  alternate,  each 
usually — so  far  as  can  be  made  out — arching 
just  inside  the  border  to  join  the  one  next 
above  by  a  sort  of  bifurcation  in  .the  upper 
portion,  thus  producing  a  nearly  continuous 
intramarginal  line,  a  character  observed  in 
certain  living  leaves  of  this  genus. 

Among  described  forms  this  has  a  decided 
resemblance  to  Quereus  lyelli  Heer,'*  from  the 
Atanekerdluk  beds  of  Greenland.  It  is,  for 
example,  very  close  to  the  forms  shown  in 
Heer's  figures  7b  of  Plate  LXX,  9  and  10  of 
Plate  LXXII,  and  1,  2,  and  4  of  Plate  LXXIII, 
diflfering  in  the  thicker  midrib  and  stronger 
secondaries,  which  are  more  continuous  and,  so 
far  as  can  be  made  out,  less  branched.  The 
teeth  in  the  two  forms  are  very  similar.  There 
can  be  almost  no  question  as  to  their  generic 
identity,  and  but  for  a  number  of  quite  differ- 
ently appearing  forms  included  by  Heer  in  his 
species  there  would  be  little  question  of  their 
specific  similarity.  Without  more  and  better 
material  I  have  thought  it  best  to  keep  them 
apart. 

Occurrence:  Laramie  formation.  Coal  Creek, 
Boulder  County,  Colo. 

Qaercus  vibumifolia?  Lesqnereaz. 

Quereus  vibumifolia  Lesquereux,  Tertiary  flora:  U.  S. 
Geol.  Survey  Terr.  Kept.,  vol.  7,  p.  169,  pi.  20, 
figs.  11,  12,  1878;  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1876,  p.  505,  1878;  Harvard 
Coll.  Mus.  Comp.  Zoology  Bull.,  vol.  16,  p.  46, 1888. 
Ettingshausen,  Roy.  Soc.  London  Proc.,  vol.  30,  p. 
232,  1880. 

Quereus  trianguJaris  Gdppert  [in  part].  Lesquereux,  U.  S. 
Geol.  and  Geog.  Survey  Terr.  Ann.  Rept.  for  1872, 
p.  377,  1873. 

Quereus  attenuata?  G5ppert.  Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1873,  p.  389, 1874. 

One  of  the  figured  types  of  this  species  (the 
original  of  fig.  11  in  the  ''Tertiary  flora")  is 
preserved  in  the  United  States  National  Mu- 
seum (No.  186),  together  with  the  others  that 
were  the  basis  for  Lesquereux's  remarks  con- 
cerning this  form.  None  of  them  are  very  per- 
fect, yet  a  careful  study  brings  out  well  the 
characters  upon  which  the  species  is  foimded. 
This  original  specimen  is  from  Sand  Creek, 
Colo.,  and  others  were  reported  from  Golden, 
Colo.,  and  Black  Buttes,  Wyo.,  the  latter  pre- 
served on  red  baked  shale.     The  matrix  of  the 


n  Flora  fosjtiUs  arctica,  vol.  7,  pt.  1,  p.  87,  pi.  06,  figs.  4,  5a;  pi.  70,  flg. 
I  7b;  pi.  72,  figs.  1-10;  pi.  73,  figs.  1-6, 1888. 
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Golden  specimen  shows  it  to  have  come  from 
the  andesitic  beds,  probably  on  South  Table 
Mountain,  and  no  less  than  1 1  additional  exam- 
ples weror  found  by  Lesquereux  in  the  collec- 
tion from  these  beds  determined  for  the  Museum 
of  Comparative  Zoology.  This  species  has  also 
been  reported  by  Ettingshausen  in  the  flora 
from  Alum  Bay,  England. 

A  number  of  well-preserved  leaves  apparently 
belonging  to  this  species  have  been  found  in  the 
material  from  Converse  County,  Wyo.  They 
do  not  differ  essentially  from  the  type  speci- 
men shown  in  Lesquereux's  figure  11. 

The  basal  portion  of  what  appears  to  be  a 
small  leaf  of  this  species  has  been  found  in 
material  from  Mount  Bross,  Middle  Park,  Colo., 
and  a  rather  narrow  but  otherwise  nearly  nor- 
mal leaf  is  contained  in  the  small  cgllection 
mode  in  the  Laramie  at  Crow  Creek,  Colo. 

Occurrence:  Laramie  formation,  Canfield 
ranch  on  Crow  Creek,  about  25  miles  northeast 
of  Greeley,  Colo.,  collected  by  F.  H.  Knowlton 
and  T.  W.  Stanton,  June,  1896.  Post-Laramie 
(in  my  opinion),  Black  Buttes,  Wyo.  Den- 
ver formation.  Sand  Creek,  18  miles  east  of 
Denver,  Colo,  (type);  Golden,  Colo.  Lance 
formation,  gulch  south  of  Lightning  Creek, 
opposite  mouth  of  Box  Elder  Creek,  Converse 
County,  Wyo.,  collected  by  T.  W.  Stanton, 
July,  1896. 

Order  XTBTICALSS. 

VamUy  IfOBACSAE. 

Artocarpos  leariglana  (Lesquereuz)  Knowlton. 

Plate  XII,  figure  1;  Plate  XXII,  figure  4. 

• 

Arioearpm  lungiana  (I.iG8()ueroux)  Knowlton,  Science, 
vol.  21,  p.  24, 1893;  U.  S.  Geol.  Survey  Bull.  152,  p. 
42,  1898. 

Myriait  U$9igiana  I^esquereux,  U.  S.  Geol.  and  Geog.  Sur- 
vey Terr.  Bull.,  vol.  1,  p.  386,  1876;  idem,  Ann. 
R«pt.  for  1874,  p.  312,  1876. 

Mifrimt  UMtngii  Lesr^uereux,  Tertiary  flora:  U.  S.  Geol. 
Survey  Terr.  Rept.,  vol.  7,  p.  138,  pi.  64,  fig.  1, 
W78;  U.  S.  Gool.  and  Geog.  Survey  Terr.  Ann. 
IU?pt.  for  1876,  p.  603,  1878. 

I>;af  very  large,  coriaceous,  oblong,  deeply 
pinnat^ly  lobed,  the  lobes  opposite,  oblong- 
Ianc49#ilati;,  pointo^i,  at  an  open  angle  of  diver- 
giffK^?,  m?parat(Ml  UHually  to  a  point  near  the 
midrib,  where  they  are  joined  by  broad, 
ThwuiU'A  MiniJHeH;  midrib  very  thick;  secondaries 
of  two  orderH,  the  first  strong,  ascending  to 
th';  \f4nu\M  of  the  lobes  and  branched  on  either 


side,  the  second  smaller,  emerging  from  the 
midrib  between  the  others,  passing  up  to  the 
sinus,  where  they  divide  into  two  branches 
that  arch  around  the  sinus  just  inside  the 
margin  and  then  follow  the  lobes  in  festoons, 
anastomosing  with  the  tertiaries;  tertiaries 
numerous,  alternate,  curved  more  or  less  in 
passing  to  the  margin,  along  which  they  form 
long  festoons  just  inside  the  border;  ultimate 
areolation  in  the  main  quadrangular,  formed 
by  divisions  at  right  angles  to  the  tertiaries. 

These  magnificent  leaves  were  from  20  to  30 
centimeters  or  more  long  and  from  12  or  15  to 
18  centimeters  wide.  They  are  thick,  probably 
coriaceous,  and  broadly  oblong,  and  the  lob^ 
are  connected  by  broad,  rounded  sinuses. 

This  species  was  first  described  by  Lesquereux 
under  the  name  Myricat  lessigiana  from 
material  collected  on  Coal  Creek,  Boulder 
County,  Colo.,  where  it  was  found  just  above 
the  coal.  It  was  obtained,  according  to 
Lesquereux,  by  Gen.  W.  H.  Lessig,  for  whom 
it  was  named.  For  many  years  the  location 
of  the  tjrpe  specimen  was  unknown,  but  recently 
it  came  to  light  among  the  collections  donated 
to  the  United  States  National  Museum  by 
R.  D.  Lacoe,  of  Pittston,  Pa.,  and  is  now  No. 
7172  of  the  Museum  collection.  It  was  with 
great  doubt  that  this  specimen  was  referred  to 
Myrica  by  Lesquereux,^'  who  says: 

It  ia  doubtful  if  this  leaf  represents  *  *  *  a 
species  of  the  section  of  the  Comptonia,  It  resembles 
Comptonia  grandifolia  linger,  which  till  now  has  been 
considered  as  the  giant  representative  of  this  section  but 
whose  leaf  is  scarcely  half  as  large  as  this. 

The  reference  of  these  leaves  to  the  genus 
Ariocarpus  was  first  suggested  by  Nathorst '" 
in  his  paper  describing  a  new  species  of  the 
genus  from  the  Cenomanian  of  Greenland. 
After  discussing  a  number  of  poorly  defined 
fossil  species  and  describing  the  new  form 
{A.  dicksoni),  which  he  was  fortunate  enough 
to  find  associated  w^ith  undoubted  fruits,  he 
calls  attention  to  its  resemblance  to  and 
possible  identity  with  the  Aralia  pungens  and 
Myrica  f  lessigii  of  Lesquereux.  A  compari- 
son of  these  leaves  with  leaves  of  Uving  species 
of  ArtocarpuSy  particularly  of  the  common 
breadfruit  (A,  incisa),  proves  beyond  reas'on- 

'•  Lesquereux,  I^eo,  U.  S.  Geol.  and  Oeog.  Survey  Terr.  Ann.  B«pt. 
for  1874,  p.  312,  1876. 

"  Nathorst,  A.  U .,  Ueber die Reste  eines  Brotfruchtbauma:  K.i 
Vet.- Alcad.  Handl.,  vol.  24,  p.  7, 1880. 
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able  doubt  that  Nathorst's  supposition  is 
correct,  and  they  are  consequently  referred  to 
this  genus.  In  leaves  of  Ariocarpus  indsa 
before  me  the  base  is  broadly  wedge-shaped, 
and  the  distance  to  which  the  lobation  extends 
decreases  toward  the  apex,  or  just  the  reverse 
of  what  occurs  in  A,  lessigiana.  The  nervation 
in  the  lobes  is  exactly  the  same  as  in  the  living 
leaf,  including  the  arching  of  the  tertiaries, 
the  intramarginal  nerve,  and  the  secondary 
emei^ng  from  the  midrib,  dividing  and  pass- 
ing around  on  either  side  of  the  sinus.  The 
Greenland  species  {A.  dicksoni)  seems  to  ap- 
proach more  closely  in  outline  to  the  living  A. 
indsa  than  the  leaves  under  consideration.  No 
fruits  or  flowers  have  been  found  in  the  Ameri- 
can deposits  that  can  be  referred  to  this  genus. 
After  the  discovery  of  a  well-authenticated 
species  of  Ariocarpus  in  the  Cenomanian  of 
Greenland  it  was  logical  to  expect  to  find  rep- 
resentatives in  later  formations  on  the  Ameri- 
can continent,  and  such  has  been  shown  to  be 
the  case.  The  genus  is  now  confined  in  its 
native  state  to  tropical  Asia  and  the  Malay 
Archipelago,  though  once  extending  as  far 
north  as  latitude  70°  in  Greenland.  In  America 
it  has  been  found  in  the  Laramie  and  Denver 
formations  of  the  Denver  Basin,  in  the  Vermejo 
and  Raton  formations  of  southern  Colorado 
and  northern  New  Mexico,  in  the  Wilcox  group 
of  the  Gulf  region,  and  in  the  Miocene  (auri- 
ferous gravels)  of  California. 

The  form  most  closely  related  to  Artocarpits 
lessigiana  is  undoubtedly^,  dissecta  Knowlton,^' 
from  the  Vermejo  formation  at  Walsenburg, 
Colo.  This  form  is  a  leaf  of  large  size,  deeply  cut 
into  at  least  three  pairs  of  opposite  lobes,  the 
lower  pair  remote  from  the  ones  next  above  and 
connected  with  them  by  an  exceedingly  narrow 
wing  that  is  hardly  more  than  the  petiole.  The 
lower  pair  of  lobes  are  also  curioiLsly  cut  into 
almost  to  the  midrib  on  the  lower  side,  but  the 
upper  side  is  attached  by  the  whole  base. 
Otherwise  the  general  outline,  number,  and 
shape  of  the  lobes,  as  well  as  the  type  of  nerva- 
tion of  the  lobes,  are  practically  the  same  in 
both,  and,  as  I  have  pointed  out  in  my  paper  on 
the  flora  of  the  Raton  Mesa  region,  it  is  entirely 
possible  that  a  series  of  leaves  would  show  them 
to  be  identical.  As  the  facts  now  stand,  how- 
ever, it  seems  best  to  consider  them  as  distinct. 

"Knowlton,  F.  H.,  U.  S.  Geol.  Survey  Prof.  Paper  101,  p.  237,  pi. 
42,  fig.  6.  1918. 


Occurrence :  Laramie  formation,  Coal  Creek, 
Boulder  County,  Colo,  (type),  collected  by 
W.  H.  Lessig,  now  in  United  States  National 
Museum;  Marshall,  Colo.,  half  a  mile  south  of 
railway  station,  in  first  draw  north  of  white 
sandstone  bluff,  just  above  the  highest  coal  of 
the  vicinity,  collected  by  F.  H.  Knowlton  and 
G.  C.  Martin,  1908;  Cowan  station,  10  miles 
south  of  Denver,  Colo.,  collected  by  F.  H. 
Knowlton. 

Artocarpus  liriodendroides  Knowlton,  n.  sp. 

Plate  XXI,  figure  3. 

Artocarpus    liriodendroides    Knowlton    [nomen    nudum], 
U.  S.  Geol.  Sunrey  Bull.  696,  p.  100,  1919. 

Leaf  of  medium  size  and  probably  mem- 
branaceous in  texture,  deeply  cut  into  at  least 
three  pairs  of  large,  opposite,  distant  lobes, 
which  are,  with  the  exception  of  the  lowest, 
attached  by  the  whole,  evenly  expanded  base, 
which  continues  along  the  petiole  between  the 
lobes  as  a  narrow  web  or  wing  and  also  persists 
below  the  lowest  pair  of  lobes  nearly  or  quite  to 
the  base  of  the  petiole;  lowest  segment  ovate, 
rather  obtuse,  attached  by  about  one-third  of 
its  width;  primary  midrib  strong,  straight, 
margined  between  and  below  the  lobes  by  the 
narrow  wing;  nervation  of  lowest  segment  con- 
sisting of  a  plainly  marked  secondary  that  forms 
a  "midrib"  very  near  the  center  and  four  or 
five  pairs  of  thin,  alternate  branches  that  form 
broad  loops  just  inside  the  margin;  nervilles 
anastomosing  in  all  directions. 

This  interesting  specimen  is,  so  far  as  known, 
the  only  one  found  in  these  beds.  Unfor- 
tunately it  is  so  fragmentary  that  its  complete 
size  and  appearance  can  not  be  determined/ 
The  portion  retained  is  about  10  centimeters 
long,  of  which  some  4  centimeters  is  taken  up 
with  the  petiole  below  the  lower  pair  of  lobes; 
but,  to  judge  from  the  imdiminished  thickness 
qf  the  midrib  above,  it  must  have  been  con- 
siderably larger.  The  lower,  nearly  perfect 
lobe,  which  is  attached  by  a  narrowed  base  only 
5  millimeters  wide,  is  3.5  centimeters  long  and 
1.5  centimeters  broad  in  the  middle.  The  seg- 
ment next  above  is  2.5  centimeters  broad  at  the 
base  and  is  preserved  for  a  length  of  only  3 
centimeters.  None  of  the  other  lobes  is  as 
well  preserved,  though  all  appear  to  be  opposite. 
The  nervation,  marginal  wing  to  the  petiole, 
and  other  features  are  well  shown  in  the  figure. 
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This  spooies  is  undoubtedly  most  closely 
nriftted  to  Artacarpu^  dissecta  Knowlton/" 
ff\>m  the  Vennejo  formation  near  Walsenburg, 
CVJo..  with  which  it  agrees  in  general  type, 
though  differing  in  a  number  of  important  par- 
ticulars. In  the  first  place,  although,  of  course, 
this  difference  is  not  of  cardinal  importance, 
it  may  be  mentioned  that  Artocarpus  dissecta 
is  nearly  twice  the  size  of  the  present  species. 
In  -4.  dissecta  the  lower  lobes  are  attached  by 
the  whole  width  of  the  segment,  and  the  main 
secondary  or  ** midrib"  is  very  close  to  the 
lower  margin,  which  gives  the  segment  the 
appearance  of  being  cut  away  on  the  lower 
side.  In  A.  liriodendroides,  on  the  other  hand, 
the  lower  segment  is  attached  by  a  much  con- 
tracted base,  and  the  '* midrib''  is  practically 
central.  In  shape  and  major  nervation  the 
upper  segments  appear  to  be  much  the  same 
in  both  forms.  The  petiolar  wing  connecting 
the  segments  is  much  more  pronounced  in 
A,  liriodendroides  and  extends  down  the  petiole 
below  the  lower  segment  for  a  greater  distance 
than  in  A.  dissecta.  It  is  quite  possible  that 
if  a  series  of  specimens  from  both  localities  were 
available  the  two  forms  might  be  shown  to 
approach  more  closely  or  even  to  combine, 
but  with  only  a  single  example  from  each 
locality,  the  forms  seem  sufficiently  distinct 
to  warrant  different  names. 

The  leaf  here  described  has  an  undoubted 
re^mblanrM;  U)  what  has  been  called  Lirioden- 
dron  from  the  Dakota  sandstone  of  Kansas, 
\p^iitg  in  a  way  intermediate  between  L. 
pinruitt/idum  Jjcsqucreux  '^  and  L.  snovrii  Les- 
qu^frux.**  The  former  is  described  by  its 
author  hh  ^'pinnately,  alternately  lobed;  lobes 
nhz/rt,  obtuse  truncate  or  angular,  abruptly 
ftMrrffWMl  iuU)  an  obtusely  lobate  or  sub  truncate 
apifX,  sw-parated  by  broad,  unequal  sinuses," 
and  thft  latter  is  described  as  "pinnately,  hori- 
55</fitally  divided  inUiliru^ar,  obtuse  lobes,  distant 
and  distinct  for  their  whole  length,  attached  by 
tit^jf  whole  base  to  th<*  thick  m(»dian  nerve 
^p^Uol^.j  jik^'  pinnules  of  a  compound  leaf." 
77.>.  itprf'/'jrnenH  upon  whidi  L.  pinnatijidum  is 
^'/AA^/J  hft'.  irufpi-rffrXf  so  that  it  is  not  possible 
V/  fOfkk*'.  out  the  whole  leaf  with  satisfaction, 
'/A  »♦.  App^tarn  Uf  have  harl  at  least  three  pairs 

•»  tLe^*,-/fi,,  f   M  ,  l;   >,  *»t^A  Aurvf./  Prof,  Vuptr  101,  p.  2«17,  pi.  42, 
*  rJm^-^Mirtf,  \^t.  7M  /J//f»'»f  Ih*  (iftkoU  Kroiip:  U.  8.  Oeol.  8ur«rey 


of  large,  obtuse,  irregularly  quadrangular, 
alternate  lobes,  which  are  separated  by  broad, 
roimded  sinuses.  The  portion  of  the  blade 
between  the  lobes  is  sufficiently  broad  to  sup- 
port a  considerable  nervation,  whereas  in  the 
Laramie  species  the  interlobular  mai^in  or 
wing  is  too  narrow  to  be  provided  with  nerva- 
tion. Superficially  the  leaf  of  Artocarpus 
liriodendroides  appears  to  be  most  like  L,  snowii, 
for  unless  examination  is  careful  enough  to 
disclose  the  narrow  wing  between  the  lobes 
it  seems  essentially  identical  with  that  species. 
Occurrence:  Laramie  formation,  Coal  Oeek, 
Boulder  County,  Colo.,  collected  by  N.  L. 
Britton  about  1884. 

Ficus?  smlthsoniana?  (Lesquereux)  Lesquereuz. 

Plate  XXI,  figure  4. 

Finis  smithsoniana  (Leequereux)   Lesquereux,  Tertiary 

flora:  U.   8.   Geol.   Survey  Terr.    Rept.,   vol.   7, 

p.  200,  pi.  32,  fig.  5,  1878. 
Knowlton,  U.  S.  Geol.  Survey  Prof.  Paper  101,  p. 

305,  1918. 
Juglans  smithaoniana  Lesquereux,  U.  S.  Geol.  and  Geog. 

Survey  Terr.  Ann.  Rept.  for  1872,  Supplement, 

p.  16,  1873. 

The  type  of  this  species  is  preserved  in  the 
collections  of  the  United  States  National 
Museum  (No.  106a)  and  is  said  to  have  come 
from  "Fishers  Peak,  Raton  Mountains,  N. 
Mex."  It  is  preserved  on  the  same  piece  of 
matrix  as  the  type  of  Oeonomites  ungeri 
Lesquereux,  and  there  is  thus  every  reason  to 
suppose  that  the  locality  is  correctly  stated. 
However,  no  additional  specimens  of  this 
species  were  found  in  the  very  extensive  col- 
lections from  the  Raton  Mesa  region  recently 
studied. 

In  the  collections  from  Mount  Carbon, 
Morrison,  Colo.,  there  is  a  single  example  that 
may  be  this  species.  The  matrix  on  which  it 
is  preserved  is  the  coarse-grained  sandstone 
so  characteristic  of  many  of  the  Laramie 
deposits  and  hence  is  not  well  fitted  to  retain 
the  details  of  nervation.  The  primary  nerva- 
tion is  similar  to  that  of  the  type,  but  the  shape 
of  the  blade  diflFers  somewhat  in  being  a  little 
broader  and  more  tapering  both  at  base  and 
apex.  At  least  this  identification  must  be 
considered  as  open  to  some  question. 

Occurrence:  Raton  formation  (type),  Fishers 
Peak,  Raton  Mountains,  Colo.  Laramie  for- 
mation. Mount  Carbon,  Morrison,  Colo.,  col- 
lected by  Arthur  Lakes,  1890. 
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Fleas  pealei  Knowlton,  n.  sp. 

Plate  XI,  figure  6. 

FUus  pealei  Knowlton  [nomcn  nudum],   U.   S.   Geol. 
Survey  Bull.  696,  p.  284,  1919. 

Leaf  ovate,  apparently  abruptly  rounded 
below  to  the  truncate  base,  and  more  gradu- 
ally rounded  above  to  the  obtusely  acuminate 
apex;  margin  perfectly  entire;  nervation  pin- 
nate, midrib  comparatively  thick;  secondaries 
four  pairs,  alternate,  thin,  remote,  at  an  angle 
of  approximately  40*^,  slightly  curved  upward, 
apparently  camptodrome. 

The  example  figured  is  the  most  nearly 
complete  of  those  observed-  It  is  about  8.5 
centimeters  in  length  and  4.5  centimeters  in 
width.  It  is  not  a  very  marked  leaf,  its 
strongest  characters  being  the  regular  ovate 
shape,  very  thick  midrib,  and  few,  thin, 
alternate  secondaries.  The  finer  nervation  is 
not  retained. 

In  shape  this  leaf  resembles  certain  of  the 
leaves  referred  to  Ficus  arenacea  Lesquereux,*' 
and  the  nervation  is  more  of  the  type  of  Ficvs 
pseudo'popylus  Lesquereux,®^  but  it  differs 
essentially  from  either. 

Occurrence:  Laramie  formation.  Cowan  sta- 
tion, 10  miles  south  of  Denver,  Colo.,  collected 
by  A.  C.  Peale,  for  whom  it  is  named. 

Ficus  planicostata  Lesquereux. 

Ficus  'planicostata  Lesquereux ,  U.  S.  Geol.  and  Geog. 

Survey  Terr.  Ann.  Rept.  for  1872,  p.  393,  1873; 

idem  for  1874,  p.  304, 1875;  idem  for  1876,  pp.  181, 

508,   1878;  U.   S.  Geol.  and  Geog.   Survey  Terr. 

BuU.,  vol.   1,    p.  379,  1876;  Tertiary  flora:  U.  S. 

Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  201,  pi.  31, 

figs.  1-8, 10-12,  1878. 
Ettingshausen,    Roy.   Soc.   I^ondon   Proc.,   vol.   30, 

p.  232,  1880. 
Hollick,  Louisiana  Geol.  Survey  Ann.  Rept.  for  1899, 

pt.  5,  pp.  276,  282,  1890. 
Newberry,  The  later  extinct  floras  of  North  America: 

U.  S.  Geol.  Survey  Mon.  35,  pp.  88,  146,  pi.  46, 

fig.  1,  1898. 
Knowlton,  U.  S.  Geol.  Survey  Bull.  163,  p.  52,  pi. 

10,  fig.  4,  pi.  12.  figs.  2-4,  1900;  U.  S.  Geol.  Survey 

Bull.  204.  p.  56,  1902. 

Leaves  of  medium  size,  subcoriaceous,  entire,  elliptical 
or  broadly  oval,  slightly  acuminate  or  obtuse,  rounded  to 
a  short  liiick  petiole,  palmately  three-nerved  from  the 
top  of  the  petiole,  rarely  from  a  short  distance  above  the 
base;  primary  and  secondary  nerves  broad,  flat,  all 
camptodrome,  as  well  as  their  divisions. — Lesquereux. 

■•  Lejquereux,  Leo,  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr. 
Rept.,  vol.  7,  pi.  29,  fig.  1,  1878. 
fs  Idem,  pi.  34,  figs.  1, 12. 


This  species  appears  to  have  been  first  de- 
scribed from  specimens  collected  at  Black 
Buttes,  Wyo.,  and  subsequent  events  prove 
that  this  is  the  principal  locality  for  it.  All 
the  types  figured  in  the  "Tertiary  flora *'  are 
from  this  place,  and  these,  together  with 
numerous  duplicates,  are  preserved  in  the 
United  States  National  Museum  (Nos.  271- 
280).  There  is  also  a  single  example  in  the 
Museum  (No.  895)  said  to  have  come  from 
Coal  Creek,  Boulder  County,  Colo.,  a  state- 
ment made  probable  by  the  finding  of  at 
least  two  fairly  perfect  examples  in  the  ma- 
terial from  this  locality,  one  belonging  to 
Columbia  University  (Nos.  119,  120)  and  now 
deposited  in  the  New  York  Botanical  Garden 
and  the  other  belonging  to  the  United  States 
National  Museum  (No.  3611).  This  species 
is  a  very  fine  and  characteristic  one  and  was 
well  described  and  figured  by  Lesquereux. 
It  does  not  appear  to  have  been  obtained  by 
Ward,  who  collected  extensively  at  Black 
Buttes  in  1881,  but  it  has  been  reported  from 
other  localities  with  more  or  less  certainty  by 
various  writers.  It  is,  for  instance,  reported 
by  Ettingshausen**  from  the  Eocene  of  Alum 
Bay,  England,  which  appears  to  be  its  only 
Old  World  occurrence.  Hollick'^  reports  it 
from  the  Wilcox  of  Louisiana,  but,  as  he 
says,  the  specimen  so  referred  is  very  much 
larger  than  even  the  largest  specimens  of 
F,  planicostata  figured  by  Lesquereux.  The 
strong  lateral  secondaries  arise  at  some  dis- 
tance above  the  apex  of  the  petiole,  whereas 
in  the  typical  F,  planicostata  they  usually  take 
their  origin  at  tfie  very  base  of  the  blade. 
The  general  appearance  of  the  leaf,  however, 
aside  from  the  particulars  mentioned  above, 
is  very  like  that  of  F.  planicostata,  and  Rol- 
lick's reference  may  perhaps  be  permitted  to 
stand.  In  my  "Flora  of  the  Montana  for- 
mation." ^  I  referred  to  this  species  with 
some  question  a  single  leaf  from  Coalville, 
Utah,  and  a  number  from  Dunn's  ranch,  on 
the  Laramie  Plains,  Wyo.  Newberry*^  men- 
tions and  figures  a  single  leaf  from  the  upper 
part  of  the  Clamo  formation  at  Bridge  Creek, 
Oreg.  The  leaves  from  the  Montana  group, 
may  be   correctly   determined,    though   there 

»«  Roy.  Soc.  London  Proc,  vol.  30,  p.  232, 1888. 
•>^  Hollick,  Arthur,  Louiiiana  Geol.  Survey  Ann.  Rept.  for  1809,  pt.  5, 
p.  282,  pi.  36,  1900. 
«  U.  S.  Oeol.  Survey  Bull.  163,  p.  52,  pi.  10,  flg.  4;  pi.  12,  figs.  2-4, 1900. 
"  U.  S.  Oeol.  Survey«Mon.  35,  p.  88,  pi.  46,  flg.  1, 1898. 
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are  differences,  but  the  leaf  from  Bridge  Creek 
should  probably  be  referred  to  another  species. 

A  single  broken  leaf  from  Green  Mountain, 
Golden,  Colo.,  I  am  unable  to  distinguish  from 
this  species,  but  as  it  is  only  the  basal  portion 
I  may  be  in  error. 

In  the  material  from  the  vicinity  of  the 
Bonglas  mine,  Sedalia,  Colo.,  I  find  a  single 
small  leaf  that  is  referred  with  some  hesitation 
to  this  species.  It  is  smaller  than  the  ordinary 
leaves  of  F.  planU;ostata,  being  only  about  4 
centimeters  in  length  and  3  centimeters  in 
width,  and  is  obtusely  wedge-shaped  instead 
of  rounded  or  subcordate  at  the  base,  and, 
further,  the  lateral  ribs,  which  arise  at  the  very 
base  of  the  blade,  have  a  greater  number  of 
secondary  branches  than  is  usual  in  this  species. 
However,  the  thick  texture  of  the  leaf,  the 
palmately  three-ribbed  nervation,  and  the 
strong  nervilles  are  all  su^ostivc  of  F.  plani- 
eostata.  If  numerous  other  leaves  agreeing 
with  this  one  are  found,  it  should  be  removed, 
either  as  a  new  variety  or  possibly  as  a  full 


The  recently  collected  material  from  the 
Denver  beds  also  contains  at  least  one  example 
that  apparently  must  be  referred  to  F.  plani- 
coatata.  It  is  about  the  size  of  the  lai^est 
example  figured  by  Lesquereux  **  and  has  the 
short  petiole  preserved.  It  is  slightly  less 
rounded  at  the  base  than  is  usual  with  this 
species,  but  otherwise  I  am  unable  to  see  any 
mark  of  difference. 

The  material  from  Rock  Springs  also  em- 
braces a  single  fairly  well  preserved  leaf  that, 
although  not  quite  normal,  must  be  referred 
to  this  species.  It  is  a  rather  small  leaf  with  a 
long  petiole  and  is  slightly  leas  full  and  rounded 
at  the  base  than  is  usual  in  F.  pJanicosiata,  but 
in  shape  (other  than  as  just  noted),  as  well  as 
in  the  primary  and  secondary  nervation,  it  is 
indistinguishable. 

Occurrence:  Laramie  formation.  Coal  Creek, 
Boulder  County,  Colo. ;  Hoyt  coal  mine,  1  mile 
south  of  Golden,  Colo.  Post-Laramie  (in  my 
opinion).  Black  Buttes,  Wyo.  (types).  Den- 
ver formation.  Golden  and  Sedalia,  Colo.  Wil- 
cox formation,  Shreveport,  La.  Mesaverde 
formation,  Rock  Springs,  Wyo. 

■  Op.cit.  [Tertlarj  flora),  pi.  31,  flg.  1. 


Fkns  cockerelH  Knowlton. 

Plate  XII,  figure  2;  PUte  XXIII,  figures  1,  2. 

Fiaa  eoda-rlli  Knowlton,  U.  S.  Gool  Survey  Bull.  696, 
p.  273,  1919. 

Fieu*  UxHfolia  (Lesquereuxl  Knowlton,  V.  S.  Geol.  Survey 
Bull.  152,  p.  102,  1898.    IHomonym,  Kunth,  IMB.] 

ficu*  ptamcoitala  latifolia  Lesquereux,  U.  8.  Geo),  and 
Geog.  Suney  Terr.  Ann.  Rept.  for  1872,  p.  383, 
1873;  Tertiari-  flora:  U.  S.  Geol.  Sur\'8y  Terr.  RetH., 
vol.  7,  p.  202.  pi.  31,  fig.  9.  1878.  [LeBquereuz'i 
original  flfture  ia  here  reproduced  as  PI.  XII,  fig.  2.] 

Leaves  thick,  very  large,  9  to  15  centimeters 
long,  10  to  14  centimeters  broad,  from  nearly 
circular  to  short  oblong,  a  little  longer  than 
broad,  heart-shaped  at  base,  evenly  roimded 
at  apex;  margin  perfectly  entire;  petiole  short, 
thick ;  leaf  strongly  palmately  three-ribbed 
from  the  apex  to  the  petiole;  the  two  lateral 
ribs  form  an  angle  of  about  40°  with  the  cen- 
tral orniidrib  and  thence  proceed nearlystraight 
to  the  margin  high  above  the  middle,  sending 
off  from  their  outer  side  from  8  to  10  well- 
developed,  often  somewhat  irregular  second- 
aries, the  lowest  of  which  supports  6  to  8 
tertiaries;  midrib  naked  for  some  distance  above 
the  insertion  of  the  lateral  primaries,  then 
giving  rise  to  three  or  four  strong,  alternate, 
distant  nerves  on  each  side,  which  branch  in 
the  same  manner  as  the  lateral  nerves;  sec- 
ondary and  tertiary  nerves  arching  near  the 
margin  by  rounded  loops;  nervilles  very  promi- 
nent, usually  simple,  and  curved  or  several 
times  subdivided  so  as  to  form  small  quad- 
rangular meshes. 

When  this  form  was  first  described  by 
Lesquereux  he  was  in  doubt  as  to  whether  it 
should  be  ranked  as  a  large,  broad-leaved 
variety  of  F.  planicostata  or  regarded  as  speci- 
fically distinct.  In  the  "Tertiary  fiora,"  page 
202,  he  reiterates  this  expression  of  doubt,  but 
as  he  had  found  only  two  leaves  of  this  charac- 
ter,' he  was  inclined  to  regard  it  as  only  a 
variety  of  F.  planicoslata.  He  remarks,  how- 
ever, that  among  very  numerous  examples  of 
F.  planicoslata  there  appeared  to  be  no  marked 
rariation  from  tlie  normal  size  and  shape, 
whereas  the  species  under  consideration  is 
tnice  as  large  and  has  a  heart-shaped  base. 
The  nervation  is  of  precisely  the  same  charac- 
ter in  both. 


THE  FLOKA. 


133 


The  fortunate  discovery  of  a  number  of  well 
preserved  leaves  of  this  species  in  the  coarse 
sandstones  at  Hoyt's  coal  mine,  near  Golden, 
Colo.,  and  also  at  Marshall's  coal  mine,  in 
Boulder  County,  Colo.,  makes  it  possible  to 
arrive  at  a  better  understanding  of  this  form, 
which  it  now  seems  best  to  raise  to  full  specific 
rank.  It  turns  out  that  the  smallest  leaf  that 
has  been  found  is  the  original  type  from  Black 
Buttes,*®  while  the  largest  is  fully  15  centi- 
meters long  and  14  centimeters  broad.  They 
are  undoubtedly  very  closely  allied  to  F. 
planicostata  but  differ  from  it  in  being  uni- 
formly at  least  twice  the  size  and  without 
intermediate  forms  and  in  being  heart-shaped 
at  the  base.  This  species  is  also  closely  allied 
to  F.  speciosissima  Ward,*®  from  Point  of 
Rocks,  Wyo.,  which  differs  merely  in  being 
more  markedly  heart-shaped  at  the  base  and 
in  having  the  nervilles  joining  the  arches  of 
the  secondary  and  tertiary  nervation  to  the 
margin,  either  character  being  of  special  im- 
portance. Ficws  speciosissima  is  also  slightly 
inequilateral,  thus  approaching  certain  forms 
of  F.  tUiaefolia. 

The  figured  type  of  F.  latifolia  (U.  S.  Nat. 
Mus.  No.  278)  is  from  Black  Buttes,  Wyo. 
The  other  type  specimen  is  said  to  have  come 
from  Golden,  Colo.,  but  as  it  can  not  be  found 
in  the  Museum  collections  I  can  not  state 
whether  it  came  from  the  true  Ijaramie  or  the 
Denver  formation,  but  inasmuch  as  all  the 
recent  collections  from  Golden  containing  it 
are  in  the  true  Laramie,  it  Is  probably  a  lower 
or  true  Ijaramie  species. 

As  the  specific  name  latifolia  proved  to  be  a 
homonym  of  a  living  species  (Kunth,  1846),  it 
has  been  necessary  to  give  this  form  a  new 
name.  It  is  named  in  honor  of  Prof.  T.  D.  A. 
Cockerell,  of  Boulder,  Colo.,  a  well-known 
student  of  the  Colorado  faima  and  flora. 

Occurrence:  Post-Laramie  (in  my  opinion). 
Black  Buttes,  Wyo.  Laramie  formation, 
Hoyt's  coal  mine,  near  Golden,  and  Marshall's 
coal  mine,  both  in  Boulder  County,  Colo. 

Ficus  planicostata  magnifolia  Knowlton,  n.  var. 

Plate  X,  figure  3. 

Fvsva  planicostata  magnifolia  Knowlton  [nomeu  nudum], 
U.  S.  Geol.  Survey  Bull.  696,  p.  285,  1919. 

Similar  to  the  type  but  much  larger,  reach- 
ing 14  centimeters  in  length  and  9  centimeters 

*  Lesquereux,  Leo,  op.  cit.  (Tertiary  flora),  pi.  31,  fig.  9. 
••  Ward,  L.  F.,  Typos  of  the  Laramie  flora:  U.  S.  Oeol.  Survey  Bull. 
37,  p.  3J>,  pi.  21.  flg.  3, 1887. 


in  width,  slightly  more  pointed  above  and  less 
evidently  truncate  below,  but  otherwise  much 
the  same. 

This  form  is  described  as  new  with  some  hesi- 
tation. It  clearly  belongs  to  that  group  of 
species  which  includes  Fictts  planicostuia,  F. 
cocJcereUij  F.  speciosissima j  F.  led,  and  others. 
Ficus  cocJcereUi  differs  from  it  in  being  very 
much  larger  and  in  having  a  deeply  cordate 
base,  which  produces  marked  differences  in 
the  nervation;  F.  leei  differs  in  size  and  shape, 
being  smaller  and  more  elongate,  and  in  a 
number  of  minor  particulars  of  nervation. 

It  is  of  course  quite  true  that  difference  in 
size  is  an  unreliable  criterion  on  which  to  base 
specific  or  even  varietal  distinction,  provided 
there  is  agreement  in  other  particulars,  but  in 
the  present  case  it  is  thought  that  the  differ- 
ences are  sufficient  to  warrant  keeping  these 
leaves  from  identification  with  the  typical  F, 
planicostata. 

Occurrence:  Laramie  formation,  Marshall, 
Colo.,  half  a  mile  south  of  railroad  station,  in 
first  draw  north  of  white  sandstone  bluff,  just 
above  the  highest  coal  of  the  region,  collected 
by  F.  H.  Knowlton  and  G.  C.  Martin,  1908. 

Ficus  praeplanicostata  Knowlton,  n.  sp. 

Plate  XXII,  figure  2. 

Ficus  prae planicostata  Knowlton  fnomen  nudum],  U.  S. 
Geol.  Survey  Bull.  696,  p.  285,  1919. 

Leaf  coriaceous,  elliptical-obovate,  appar- 
ently rounded  below  to  a  more  or  less  distinctly 
wedge-shaped  base  and  narrowed  above  in 
like  degree  to  aji  obtusely  acuminate  apex; 
margin  perfectly  entire;,  midrib  rather  slender, 
perfectly  straight;  apparently  three-ribbed 
from  or  near  the  base,  the  lateral  ribs  slender, 
at  an  acute  angle,  somewhat  curving  upward, 
ascending  nearly  to  the  top  of  the  blade,  and 
joining  the  lowest  secondary  just  within  the 
margin;  lateral  ribs  with  seven  or  eight  secon- 
dary branches  on  the  outside,  each  of  which 
arises  at  an  acute  angle,  curves  slightly  up- 
ward and  joins  the  one  next  above  just  at  the 
margin;  secondaries  on  the  midrib  four  or  five 
pairs,  scattered,  strongly  alternate,  each  pass- 
ing upward  practically  parallel  to  the  lateral 
ribs  and  joining  the  one  next  above,  the  upper 
pair  arching  completely  around  and  joining 
the  midrib  near  the  apex  of  the  blade;  nervilles 
very  numerous  and  conspicuous,  mainly  per- 
current  but  also  broken,  approximately  at 
right  angles  to  the  midrib. 
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This  species,  of  which  a  very  good  figure  is 
given,  appears  to  be  represented  only  by  this 
example.  It  lacks  the  basal  portion  and  most 
of  the  margin  on  one  side,  but  as  nearly  as  can 
be  made  out  it  is  about  10  or  12  centimeters  in 
length  and  about  6  centimeters  in  width  at  the 
broadest  point,  which  seems  to  be  a  little  above 
the  middle.  The  nervation  is  very  distinct 
and  regular,  as  described  above. 

This  species  is  undoubtedly  most  closely  re- 
lated to  Ficus  planicostdta  Lesquereux,'*  from 
which  it  differs  in  its  apparently  wedge-shaped 
base,  more  pointed  apex,  and  more  erect,  rela- 
tively slenderer  nervation,  for  it  is  in  a  way 
intermediate  between  this  and  Lesquereux's 
variety  dintoniy  but  it  appears  sufficiently  dis- 
tinct from  F.  planicostata  by  the  characters 
mentioned,  and  it  is  clearly  distinct  from  the 
variety  dintoni.  Additional  material  may  give 
evidence  of  variation  in  the  direction  of  the 
typical  form,  but  until  that  is  forthcoming  this 
may  stand  as  a  distinct  though  obviously 
closely  related  variety. 

Occurrence:  Laramie  formation.  Coal  Creek, 
Boulder  County,  Colo. 

Flcus  impressa  Knowlton,  n.  sp. 

Plate  VII,  figures  1-3;  Plate  XVI,  figure  3. 

Ficus  impressa  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  BuU.  696,  p.  278,  1919. 

Leaves  of  thick  texture,  uniform  size,  and 
ovate  or  elliptical  outline,  rounded  and  trun- 
cate or  very  obtusely  wedge-shaped  at  the  base, 
obtusely  pointed  at  the  apex;  margin  entire; 
nervation  deeply  impressed,  three-ribbed  from 
the  base  of  the  blade,  the  midrib  sUghtly  the 
strongest,  with  about  three  pairs  of  strong 
camptodrome  secondaries  above  the  middle; 
lateral  ribs  at  an  angle  of  50®  or  60°,  each  with 
five  to  seven  secondary  branches  on  the  out- 
side, these  camptodrome  and  arching  just 
inside  the  margin;  nervilles  very  numerous, 
strong,  often  broken. 

This  species  is  represented  by  a  considerable 
number  of  examples,  one  of  which  is  nearly 
perfect.  They  are  about  7  centimeters  in 
length  'and  vary  in  width  from  3.5  to  6  centi- 
meters. 

This  species  is  also  the  type  of  Ficus  plani- 
costata Lesquereux,  from  which  it  differs  in 

•»  Lesquereux,  Leo,  The  Tertiary  flora:  U.  8.  Oeol.  Survey  Terr. 
Rept.,  Tol.  7,  pi.  81, 1878. 


being  narrower,  more  eUiptical,  and  less  trun- 
cate at  the  base.  The  lateral  ribs  are  at  a 
slightly  more  acute  angle,  and  both  these  and 
the  secondary  branches  are  less  regular;  the 
nervilles  are  the  same  in  both. 

Occurrence:  Laramie  formation,  Marshall, 
Colo.,  collected  by  Arthur  Lakes,  1890. 

Ficus  coloradensifl  CockerelL 

Plate  XXII,  figure  1. 

Fiais  coloradenns  Cockerell,  Torreya,  vol.  10,  p.  223, 1910. 
Ficus  irregularis  (Lesquereux)  Lesquereux,  U.  S.  Geol. 

and  Geog.  Survey  Terr.  Ann.  Rept.  for  1874,  p. 

304, 1876;  idem,  Bull.,  vol.  1,  p.  368, 1876;  Tertiary 

flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  p. 

196,  pi.  34,  figs.  4-7, 1878;  Harvard  Coll.  Mufl.  Gomp. 

Zoology  BuU.,  vol.  16,  p.  50,  1888.    [Homonym, 

Miquel,  1867.] 
Ward,  U.  S.  Geol.  Survey  Sixth  Ann.  Rept.,  p.  552, 

pi.  44,  fig.  4,  1886  [not  fig.  5,  which^ RhamnuB 

goldianus]]  U.   S.  Geol.   Survey  Bull.    37,  p.  38 

pi.  20,  fig.  4,  1887  [not  fig.  5,  which=' Rhamnui 

goldianus]. 
Knowlton,  U.  S.  Geol.  Survey  Bull.  163,  p.  51,  1900. 
Ulmusf  irregularis  Lesquereux,  U.  S.  Geol.  and  Geog. 

Survey  Terr.  Ann.  Rept.  for  1872,  p.  378,  1873. 

A  good  deal  of  confusion  seems  to  be  current 
regarding  the  distribution  of  this  species.  It 
was  originally  described  under  the  name 
Ulmusf  irregularis  from  specimens  found 
in  the  Denver  beds  at  Golden,  Colo.,  and  sub- 
sequently was  reported  by  Lesquereux  from 
Point  of  Rocks,  Black  Buttes,  and  Carbon, 
Wyo.  The  type  specimens  figured  by  Les- 
quereux in  the  '' Tertiary  flora''  (PI.  XXXTV, 
figs.  4-7)  are  preserved  in  the  United  States 
National  Museum  and  are  before  me.  The 
originals  of  Lesquereux's  figures  5,  6,  and  7 
(Museum  Nos.  296,  297,  831)  are  all  in  the 
andesitic  material  characteristic  of  the  Denver 
beds,  and  additional  examples  are  to  be  found 
in  subsequent  collections  from  this  area.  The 
original  of  his  figure  4  (Museum  No.  295)  is 
recorded  as  coming  from  Carbon,  Wyo.,  but 
later  collections  from  this  locality  do  not  seem 
to  contain  it. 

The  material  upon  which  Lesquereux  based 
his  statement  of  the  abundant  presence  of 
F.  irregularis  at  Black  Buttes  is  not  to  be 
found  in  the  Museum  collections,  and  as  this 
species  has  not  been  found  there  by  any  of  the 
subsequent  collectors,  Lequereux's  statement 
may  be  set  down  as  extremely  doubtful  and 
not  entitled  to  any  consideration. 
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The  status  of  F.  irreffularis  at  Point  of  Rocks, 
Wyo.,  is  hardly  more  satisfactory.  The  single 
specimen  figured  by  Lesquereux*'  as  from  this 
locality  is  No.  295a  of  the  United  States  Na- 
tional Museum  collection  and  represents  only 
the  petiole  and  extreme  basal  portion  of  a  leaf. 
I  admitted  this  species  in  my  *' Flora  of  the 
Montana  formation"  on  the  basis  of  this  ex- 
ample alone,  for  none  other  seems  to  have  been 
found,  but  I  doubt  the  wisdom  of  so  doing  with- 
out further  reservation.  So  far  as  can  be  made 
out  from  so  small  a  portion  it  might  have  be- 
longed to  F.  irregvlans,  and  on  the  other  hand 
it  would  be  equally  hard  to  exclude  it  from  a 
number  of  other  species  of  similar  size.  In  any 
event,  if  admitted  as  a  member  of  the  Montana 
flora,  its  status  as  above  outlined  should  be 
distinctly  recalled  and  weighed  accordingly. 

As  noted  in  the  synonymy,  one  of  the  two 
leaves  figured  by  Ward  is  with  little  doubt 
Rhamnus  goldianus.  It  has  a  slightly  but  dis- 
tinctly heart-shaped  base  with  a  number  of 
short  tertiaries  going  out  from  the  lower  side 
of  the  lowest  pair  of  secondaries,  exactly  as 
Lesquereux  described  for  22.  goldianus  and 
quite  unlike  tjrpical  Ficus  irregularis.  The 
latter  has  a  wedge-shaped  base,  with  no  ter- 
tiaries on  the  lower  side  of  the  lowest  pair  of 
secondaries. 

In  the  material  collected  by  Ward  in  1883 
and  figured  but  not  described  is  one  specimen 
obtained  in  white  sandstone  at  a  point  IJ 
miles  southeast  of  Golden  and  therefore  prob- 
ably in  the  true  Laramie;  and  a  leaf  which  can 
hardly  be  distinguished  has  been  foimd  at 
Marshall,  Colo. 

Occurrence :  Laramie  formation,  Marshall  and 
IJ  miles  south  of  Golden,  Colo.  Denver  for- 
mation. Golden,  Colo,  (types).  ''Upper  Lara- 
mie," Carbon,  Wyo.  (doubtful).  Mesaverde 
formation.  Point  of  Rocks,  Wyo.  (doubtful). 

Fleas  dalmatica  EtUni^shaiiseii. 

Plate  XXI,  figure  9;  Plate  XXII,  figure  5. 

Ficus  dcUmatica  Ettingshausea,   Eocene  flora  of  Mount 

Promina,  p.  29,  pi.  7,  fig.  11,  1855. 
Lesquereux,  U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann. 

Kept,  for  1874,  p.  303,  1875;  Tertiary  flora:  U.  S. 

Geol.  Survey  Terr.  Rept..  \"ol.  7,  p.  199,  pi.  63,  figs. 

3-5, 1878. 
Knowlton,  U.  S.  Geol.  Survey  Bull.  163,  p.  51,  pi.  8, 

fig.  4,  1900. 


••  Op.  cit.  (Tertiary  flora),  pi.  63,  fig.  9. 


This  European  species  was  identified  by 
Lesquereux  with  specimens  from  Point  of 
Rocks,  Wyo.  One  of  these  specimens  (No. 
294,  U.  S.  Nat.  Mus.,  original  of  Lesquereux's 
PL  LXIII,  fig.  4)  is  in  the  United  States 
National  Museum  and  agrees  very  closely  with 
the  figures  of  this  species  in  Ettingshausen's 
paper  above  cited,  though  it  is  perhaps  to  be 
doubted  if  they  are  really  identical. 

In  the  collections  from  Coal  Creek  there  is  a 
single  leaf — the  one  here  figured — that  is 
almost  the  exact  counterpart  of  figure  4  of 
Lesquereux*s  Plate  LXIII.  Another  leaf 
shown  in  Plate  XXII,  figure  5,  also  from  Coal 
Creek,  is  referred  here  with  some  question.  It 
is  not  well  preserved,  and  its  characters  are 
made  out  with  difficulty. 

Occurrence:  Laramie  formation,  Coal  Creek, 
Boulder  County,  Colo.  Mesaverde  formation. 
Point  of  Rocks,  Wyo. 

Ficus  neodalmatica  Knowlton,  n.  sp. 

Plate  VII.  figure  6. 

Ficiu  neodalmatica  Knowlton    [nomen  nudum],   U.    S. 
Geol.  Survey  Bull.  696,  p.  283,  1919. 

Leaf  of  small  size  and  firm  texture,  ovate- 
cuneate,  broadest  at  or  near  the  middle,  from 
which  it  narrows  regularly  to  the  base  and 
above  to  the  obtusely  acuminate  apex;  midrib 
very  thick,  especially  below;  lower  pair  of 
secondaries  arising  at  the  base  of  the  blade, 
at  a  much  more  acute  angle  than  the  ones 
above,  passing  up  to  or  above  the  middle  of 
the  leaf  and  there  joining  by  a  broad  loop  with 
the  pair  next  above;  upper  secondaries  about 
four  pairs,  alternate,  at  irregular  distances, 
camptodrome,  each  joining  the  one  above  by 
a  broad  loop  well  inside  the  margin  and  with 
a  series  of  loops  outside;  nervilles  sparse, 
mainly  broken. 

The  leaf  figured  is  nearly  perfect.  It  is 
slightly  unequal  sided,  being  ovate-cuneate, 
with  a  wedge-shaped  base  and  an  obtusely 
acuminate  apex.  It  is  6.5  centimeters  in 
length  and  3.5  centimeters  in  width  at  a  point 
a  little  above  the  middle  of  the  blade.  This 
species  is  undoubtedly  most  closely  related  to 
what  Lesquereux  has  figured  from  Point  of 
Rocks,  Wyo.,  as  Ficvs  dalmatica  Ettings- 
hausen.*'    It   differs   from   that   form   in   its 

n  Leiquereux,  Leo,  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr. 
Rept.,  vol.  7,  pi.  63,  figs.  3-5, 1878. 
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larger  size  and  broader  outline,  but  in  the 
nervation  they  are  of  the  same  type,  as  may 
be  seen  on  comparing  especially  Lesquereux's 
figure  4  with  the  present  species. 

Occurrence:  Laramie  formation,  cut  on 
Moffat  railroad  (Denver  &  Salt  Lake)  about 
6  or  8  miles  north  of  Qolden,  Colo.,  collected 
by  A.  C.  Peale,  1908. 

FIctisT  lejden  KnowHon,  d.  tp. 
Plate  XIV,  figure  1. 
FieusT  Uyden  Knowlton  [nomen  nudum],    U.  S.  Geol. 
Survey  Bull.  6dG,  p.  283,  1919. 

Size  and  complete  outline  not  known,  but 
apparently  very  unequal  sided;  base  truncate; 
margin  entire;  nervation  palmate  from  the  ex- 
treme base  of  the  blade,  the  ribs  five,  very 
unequally  distributed;  the  first  rib  on  the 
narrow  side  of  the  blade  is  nearly  straight  and 
has  four  or  five  slender  branches  on  the  out- 
aide;  the  next  rib,  which  may  be  called  the 
midrib,  is  slightly  larger  than  either  of  the 
others,  with  several  pairs  of  thin  secondary 
branches  in  the  upper  part;  the  other  ribs 
supply  the  full  side  of  the  blade  and  have 
several  briuiches  on  the  outside  which  are 
probably  camptodrome,  but  as  the  margin  is 
missing  at  this  point  it  is  impossible  to  be 
positive;  finer  nervation  obsolete. 

This  leaf  has  the  appearance  of  having  been 
sessile,  and  the  narrow  side  was  naturally  the 
upper  side.  It  is  so  well  shown  in  the  figure 
that  no  other  description  is  necessary. 

It  is  perhaps  doubtful  if  this  leaf  should  be 
referred  to  Ficvs,  but  the  generic  affinity  is 
believed  to  be  with  what  Newberry  called 
Fieust  aVvikana**  from  the  Kenai  formation 
of  the  Cook  Inlet  region  of  Alaska,  especially 
the  one  shown  in  the  figure  cited.  This  has 
the  five  ribs  in  the  somewhat  unequal  sided 
leaf,  but  the  form  under  consideration  differs 
in  being  truncate  instead  of  heart-shaped  at 
the  base  and  in  being  very  unequal  sided,  and 
this  affects  the  direction  of  the  ribs.  It  is 
possible  that  this  is  only  an  individual  varia- 
tion or  abnormal  form  of  Ficun  cocker eUi, 
though  the  texture  of  the  leaf  and  the  absence 
of  finer  nervation  mark  it  as  distinct. 

rence :  Laramie  formation,  Leyden 
bout  6i  miles  north  of  Golden,  Colo., 
by  A.  C.  Peale. 
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r,  J.  3.,  V.  9.  OmI.  SurvBy  Hon.  JS,  pi.  W,  Hg.  3, 19W. 


ricM  poat-lriiierrls  Knowltcni,  n.  «. 

Plate  VI,  figureol,  2. 

Fieus  pott-trineniit  Knowlton  [nomea  nudum],  U.  S.  Oeol. 
Survey  Bull.  6S6.  p.  285,  1919. 

Leaves  of  firm  texture,  ovate  or  ovate-elUp- 
tical,  about  equally  narrowed  to  both  b^  and 
apex,  three-ribbed  from  the  very  base  to  the 
blade,  all  the  ribs  of  equal  size,  the  lateral  ones 
passing  up  for  two-thirds  or  three-fourths  the 
length  of  the  blade,  curving  in  in  the  upper 
portion;  secondaries  few,  alternate,  above  the 
middle  of  the  leaf,  camptodrome;  finer  nervft- 
tion  not  retained. 

The  two  leaves  figured  illustrate  this  species 
very  well,  though  neither  is  quite  perfect. 
They  are  6  or  7  centimeters  in  length  and  about 
3  centimeters  in  width.  One  has  the  petiole 
preserved  for  a  length  of  1  centimeter,  but  it 
is  obviously  broken.  Where  the  petiole  metres 
into  the  blade  it  splits  into  three  equal  ribs 
which  divide  the  blade  into  four  approxi- 
mately equal  areas. 

This  species  is  undoubtedly  most  closely  re- 
lated to  FicuB  praetrinervis  Knowlton,  from  the 
Vermejo  fonnation  of  southern  Colorado.  The 
leaves  are  much  smaller  than  is  usual  in  that 
species,  are  more  nearly  elliptical,  and  are  not 
Imown  to  have  secondary  branches  on  the  out- 
side of  the  lateral  ribs.  The  secondaries  on 
the  midrib  start  at  a  higher  point  than  in  F. 
praetrinervw,  but  this  is  perhaps  a  variable 
character.  This  species  is  also  ^elated  to  F. 
cannoni,  described  below,  which,  however, 
differs  in  its  much  smaller  size  end  thinner 
lateral  ribs  or  secondaries,  which  join  the  sec- 
ondaries on  the  midrib  near  the  middle  of  the 
blade. 

Occurrence:  Laramie  formation.  Cowan  sta- 
tion, 10  miles  southeast  of  Denver,  C/olo.,  col- 
lected by  F.  H.  Knowlton,  1908. 

FIciu  cannoni  Knowlton,  n.  Bp. 

Plate  VI,  fipire  3;  Plate  X,  figure  1. 

Ficus   cannoni    Knowlton.   [nomen  nudum],  U.  S.  Gecd. 
Survey  Bull.  696,  p.  272,  1919. 

Leaves  small,  of  firm  texture,  obovBte-lan- 
ceolate,  rather  obtuse  above,  narrowly  wet^e- 
shaped  below,  perfectly  entire;  midrib  very 
slender;  secondaries  about  four  or  five  pairs, 
the  lower  ones  arising  at  the  very  base  of  the 
blade  and  running  up  for  nearly  or  quite  half 
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the  length  of  the  leaf  and  joining  the  next  pair 
of  secondaries,  which  arise  high  ahove  the  base; 
other  secondaries  thin,  at  an  angle  of  about 
45^,  considerably  curved  upward,  campto- 
drome,  each  joining  the  one  next  above;  finer 
nervation  not  retained. 

This  species  is  represented  by  several  ex- 
amples, two  of  which  have  been  figured.  The 
larger  one  is  about  5  centimeters  long  and 
nearly  2  centimeters  broad ;  the  other  is  about 
4  centimeters  long  and  1.5  centimeters  wide. 
It  may  be  distinguished  at  once  by  its  obovate 
shape,  narrowly  wedge-shaped  base,  and  thin 
lower  secondaries,  which  run  up  and  join  the 
next  pair  of  secondaries,  the  latter  originating 
near  the  middle  of  the  blade. 

This  species  is  of  the  type  of  Ficus  trinervis 
(Ward)  Knowlton,  F.  praetrinervis  Knowlton, 
from  the  Vermejo  formation,  and  F,  post'triner- 
vis  of  this  report.  From  all  these  it  differs  in 
its  smaller  size  and  more  markedly  obovate 
outline.  It  was  at  one  time  thought  that  these 
specimens  might  be  very  small,  narrow  leaves 
of  F.  praetrinervis y  but  as  that  species  is  usually 
very  abundant  where  it  occurs  at  all,  inter- 
mediate forms  connecting  the  two  should  be 
found,  but  they  have  not,  and  so  F.  cannoni  is 
considered  as  undoubtedly  distinct. 

This  species  is  named  in  honor  of  George  L. 
Cannon,  of  Denver,  who  has  long  been  identified 
with  the  study  of  the  geology  of  the  Denver 
Basin. 

Occurrence:  Laramie  formation,  Cowan  sta- 
tion, 10  miles  southeast  of  Denver,  Colo. 
(PL  VI,  fig.  3),  collected  by  F.  H.  Knowlton, 
1908;  Popes  Bluff,  just  north  of  Pikeview, 
Colo.  (sec.  14,  T.  13  S.,  R.  67  W.),  collected 
by  A.  C.  Peale  and  M.  I.  Goldman,  1908. 

Fleas  navicularls  Cockerell. 

Plate  VI,  figures  4,  5;  Plate  XI,  figures  3-5. 

Ficus  navieulcaris  Cockerell,  Am.  Mus.  Nat.  Hist.  Bull., 

vol.  24,  p.  89,  1908;  Torreya,  vol.  9,  p.  141,  figs.  A, 

C  (in  text),  1909. 
Ficus  lanceolata  Heer,  Flora  tertiaria  Helve tiae,  vol.  2, 

p.  62,  pi.  81,  figs.  2-5, 1856.    [Homonym,  Buchenau- 

Hamilton,  1814.] 
Lesquereux,  U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann. 

Kept,  for  1871,  p.  300,  1872;  Tertiary  flora:  U.  S. 

Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  191,  pi.  28, 

figs.  1-5,  1878.     [Figures  1-5  reproduced  on  PI.  XI, 

figs.  3-5.] 

The  first  American  specimens  referred  to 
Ficus   lanceolata    Heer    were    mentioned    by 


Liesquerenx  in  1871  [1872],  having  probably 
been  collected  the  previous  year.  He  wrote 
as  follows  of  the  collection  of  which  they  form 
apart: 

Hard,  shaly,  fine-grained  whitish  sandstone.  About 
the  same  consistence  and  color  as  the  specimens  from 
Carbon  station.  The  precise  locality  is  unknown,  the 
labels  having  been  lost  or  forgotten. 

Most  of  this  collection  is  still  preserved  in 
the  United  States  National  Museum,  and, 
although  it  was  originally  stated  to  be  from 
an  unknown  locaUty,  the  next  time — and  in 
fact  at  all  subsequent  times — it  was  mentioned 
it  was  said  by  Lesquereux  to  have  come  from 
the  Green  River  formation.  The  nature  of  the 
matrix  entirely  precludes  the  probability  of 
this  being  true,  a  view  further  confirmed  by 
the  other  species  in  the  collection,  as  well  as 
by  the  geologic  distribution  subsequently 
shown  for  the  various  species. 

Other  specimens  from  Willow  Creek,  in 
Middle  Park,  and  from  Florissant,  Colo.,  have 
been  referred  to  this  species,  but  most  of  these 
specimens  can  not  now  be  found.  The  only 
one  that  I  have  been  able  to  see  is  a  very 
fragmentary  leaf  from  Florissant  that  may  or 
may  not  belong  to  this  species,  and  in  any 
event  it  should  have  little  weight  in  any  scheme 
of  geologic  distribution,  unless  other  clearly 
identical  material  can  be  obtained.  In  the 
very  extensive  collections  from  Florissant 
studied  by  Cockerell  and  me  it  has  not  been 
observed  with  certainty. 

Ficv^  lanceolaia  was  described  by  Heer  from 
material  obtained  in  the  Swiss  Miocene  in  1856, 
but,  as  set  forth  in  the  synonymy  above,  this 
name  is  preoccupied  by  a  living  oriental  species 
named  in  1814,  and  consequently  the  species 
was  renamed  by  Cockerell  Fixms  navicvlaris. 
This  name,  however,  should  be  applied  only  to 
the  American  specimens  that  had  been  referred 
to  Ficus  lanceolata  Heer,  for  a  comparison  of 
the  figures  given  by  Heer  and  Lesquereux 
leads  to  the  conclusion  that  they  are  not 
conspecific.  The  American  leaves  are  long, 
narrowly  lanceolate,  with  many  close,  parallel 
secondaries,  whereas  the  leaves  from  the 
Swiss  Miocene  are  not  only  larger  but  incline 
to  the  obovate-lanceolate  and  have  fewer 
secondaries,  which  are  scattered,  much  curved 
upward,  and  very  markedly  camptodrome. 
It  is  probable  that  the  European  leaves  should 
be  given  a  new  name,  for  they  can  not  be 
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called  F.  lanceolata  and  they  appear  to  differ 
from  the  American  F,  navicvlaris, 

I  was  at  one  time  inclined  to  refer  a  part  of 
Ficus  arenacea  Lesquereux  •*  to  what  was  then 
called  F.  lanceolaia,  but,  as  Cockerell  ••  has 
pointed  out,  it  may  be  distinguished  by  its 
broader  and  strongly  inequilateral  base.  It 
was  a  pa^rt  of  the  same  collection  from  an  un- 
known locality  and  is  certainly  very  close  to 
F,  navicularis. 

Ficus  navicularis  belongs  to  that  type  of  non- 
descript, narrow  leaves  that  are  difficult  to  iden- 
tify with  certainty  unless  they  are  exception- 
ally well  preserved,  a  condition  unfortunately 
far  from  being  usual  in  the  Laramie  material. 
It  is  on  this  account  that  the  species  (usually 
under  the  name  F,  lanceolata)  has  been  reported 
from  a  number  of  localities,  and  as  the  material 
is  often  fragmentary  or  the  nervation  poorly 
preserved,  some  of  these  identifications  are 
probably  open  to  more  or  less  question.  Thus, 
a  narrow  lanceolate  form  from  the  Vermejo 
formation  of  the  Starkville  mine  at  Starkville, 
Colo.,  has  been  described  under  the  name  Ficuaf 
starhviUensis  Eiiowlton.*^  Ficus  navicularis 
has  also  been  reported  from  beds  described  as 
of  Mesaverdo  age  in  the  vicinity  of  Lay,  Colo. 

The  material  from  Marshall  embraces  a  num- 
ber of  lanceolate  leaves  that  are  referred  tb 
F.  navicularis  with  Uttle  hesitation.  The  one 
shown  in  Plate  VI,  figure  4,  is  of  approximately 
the  same  size  and  shape  as  that  shown  in  figure 
4  of  Plate  XXVIII  of  the  '^ Tertiary  flora''  and 
diflfers  only  slightly  in  the  secondaries.  The 
fragmentary  leaf  shown  in  Plate  VI,  figure  5,  is 
of  the  same  type  as  Losquereux's  figure  3  but 
is  a  little  larger. 

Occurrence:  Laramie  formation,  types  from 
an  imknown  locality,  subsequently  collected 
from  the  Marshall  coal  mine,  Marshall,  Colo.,  by 
Arthur  Lakes,  1890. 

Ficus  multinenis?  Heer. 

Plate  XII,  figures  3,  3a,  4. 

Ficy^  multinervis  Heer.  Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  p.  300, 
1872;  Tertiary  flora:  U.S.  Geol.  Survey  Terr.  Rept., 
vol.  7,  p.  194,  pi.  28,  figs.  7,  8.  [Lesquereux's  fig- 
ures are  here  reproduced.] 


••  Lesquereux,  Leo,  The  Tertiary  flora:  U.  8.  OeoL  Survey  Terr.  Rept., 
vol.  7,  pL  29,  flgs.  1,  4, 1878  (not  figs.  2,  3). 

••  CkKJkerell,  T.  D.  A.,  Am.  Mus.  Nat.  Hist.  Bull.,  vol.  24,  p.  89,  1908. 

w  Lee,  W.  T.,  and  Knowlton,  F.  H.,  U.  S.  Geol.  Survey  Prof.  Paper 
101,  p.  262,  pi.  38,  fig.  9, 1918. 


This  species  was  described  by  Heer  ••  in  1856 
from  specimens  obtained  in  the  Miocene  of 
Switzerland.  The  American  specimens  re- 
ferred by  Lesquereux  to  this  species  have  the 
same  history  as  Ficus  lanceolata  (now  F.  navicw- 
laris) — that  is,  the  source  of  the  original  speci- 
mens is  not  known.  They  have  likewise  usually 
been  referred  to  the  Green  River  formation  up 
to  the  present  time. 

The  collection  from  the  coal  mine  on  Coal 
Creek,  Boulder  County,  Colo.,  made  by  Arthur 
Lakes  in  1890  contains  a  number  of  fragments 
that  seem  to  belong  to  this  form.  They  are 
similar  in  shape  to  Ficus  navicularis  but  have 
the  more  numerous  secondaries  at  a  more  acute 
angle  of  divergence. 

Occurrence:  Laramie  formation,  Coal  Creek, 
Boulder  County,  Colo.,  collected  by  Arthur 
Lakes,  June,  1890. 

Ficus  denveriana?  Cockerell. 

Plate  XII,  figure  5. 

Ficua  denveriana  Cockerell,  Torreya,  vol.  10,  p.  224,  1910. 
Knowlton,  U.  8.  Geol.  Survey  Prof.  Paper  101,  p.  302, 

pi.  76,  figs.  1,  2,  1918. 
Ficus  spectabilis  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 

Terr.  Ann.  Rept.  for  1872,  p.  379,  1873;  Tertiary 

flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  p. 

199,  pi.  33,  figs.   4-6,    1878;  Harvard  Coll.  Mus. 

Comp.  Zoology  Bull.,  vol.  16,  p.  50,  1888;  U.  S. 

Nat.  Mus.  Proc.,  vol.  11,  p.  25,  1888.    [Homonym, 

Kunth  and  Bouch^,  Annales  sci.  nat.,  3d  ser.,  vol. 

7,  p.  235,  1847.] 

This  species  is  essentially  a  Tertiary  form, 
havmg  been  first  described  from  material 
found  in  the  Denver  formation  at  Golden, 
Colo.  It  is  abundant  in  the  Denver  formation 
in  the  Denver  Basin  and  was  subsequently 
found  in  beds  supposed  to  be  of  the  same  age 
in  Middle  Park  and  was  also  shown  to  be 
abundant  in  the  Raton  formation  of  the  Raton 
Mesa  region. 

It  is  very  rare,  if  indeed  it  is  present  at  all, 
in  the  Laramie  formation.  It  was  first  noted 
by  Lesquereux  •*  in  a  small  collection  from 
the  old  Franceville  coal  mine,  a  few  miles 
southeast  of  Colorado  Springs,  Colo.,  though  it 
is  not  contained  in  collections  made  at  the 
same  locality  in  1908.  The  single,  somewhat 
fragmentary  leaf  here  figured  was  obtained  by 
Peale  and  Goldman  near  the  coal  in  Popes 


w  Heer,  Oswald,  Flora  tertiaria  Helvetiae,  vol.  2,  p.  63,  pi.  81,  flgs.  C-lOb 
1856. 

»  Lesquereux,  Leo,  U.  8.  Geol.  and  Geog.  Survey  Terr.  Ann.  Rept. 
for  1873,  p.  203, 1874. 
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Bluff;  west  of  Pikeview,  Colo.,  in  sec.  14,  T. 
13  S.,  R.  67  W.  It  is  of  about  the  same  size 
as  the  largest  of  the  types  of  this  species 
figured  by.  Lesquereux,^  but  it  is  more  obtuse 
at  the  apex  and  apparently  has  fewer  second- 
aries and  these  at  a  slightly  more  acute  angle. 
The  basal  portion  can  not  be  compared  with 
the  types.  Possibly  this  leaf  should  not  be 
referred  to  Ficus  denveriana,  though  it  un- 
doubtedly approaches  that  species  most  closely. 
Occurrence:  Laramie  formation,  Popes  Bluff, 
west  of  Pikeview,  Colo.  (sec.  14,  T.  13  S.,  R. 
67  W.),  collected  by  A.  C.  Peale  and  M.  I. 
Goldman,  1908.  Denver  formation  (types), 
Golden,  Colo.  Raton  formation,  Raton  Mesa 
region  of  Colorado  and  New  Mexico. 

Ficus  crossii  Ward. 

Plate  XI,  figure  2. 

Ficus  crossii  Ward,  U.  S.  Geol,  Survey  Sixth  Ann.  Rept., 
p.  552,  pi.  44,  fig.  7,  1886;  U.  S.  Geol.  Survey  Bull. 
37,  p.  39,  pi.  21,  fig.  2,  1887. 

Ficus  uncata  Lesquereux.  Knowlton,  XJ.  S.  Geol.  Survey 
Bull.  152,  p.  105,  1898. 

The  type  specimen  of  this  species  (U.  S. 
Nat.  Mus.  No.  4106)  is  before  me.  Although 
it  is  described  by  Ward  as  being  **  preserved 
with  considerable  fidelity,"  a  careful  study  dis- 
closes the  fact  that  Ward's  figure  of  it  is  some- 
what in  error.  None  of  the  basal  portion  and 
indeed  very  little  of  the  margin  is  preserved. 
The  blade  alone  was  probably  over  8  centi- 
meters in  length,  and  it  may  have  been  longer. 
The  midrib  has  the  appearance  of  being  un- 
usually thick  for  a  leaf  of  this  size,  and  it  was 
lai^ely  on  this  account  that  I  was  at  one  time 
inclined  to  refer  this  leaf  to  Ficus  uncaiaj 
which  has  an  especially  strong  midrib. 

The  later  collections  from  Golden  included 
the  specimen  here  figured,  which  is  believed 
to  be  the  same  as  Ficus  crossii.  It  is  a  longer 
leaf  than  Ward's  figure  of  F,  crossii  would  im- 
ply, but  they  were  probably  really  of  the  same 
dimensions.  The  present  leaf,  which  is  also 
ovate-oblong  in  outline,  was  about  9  centi- 
meters long  and  nearly  6  centimeters  wide. 
The  midrib  is  very  thick  below  but  becomes 
thinner  above.  There  are  10  or  11  pairs  of 
secondaries,  which  arise  at  an  angle  of  about 
70**  and  are  abruptly  camptodrome  near  the 
margin.     The  lower  secondary  has  a  few  very 

» The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  pi.  33, 
ftg.  6, 1878. 


short  camptodrome  branches  on  the  outside. 
The  nervilles  are  seen  to  be  numerous,  strong, 
and  oblique  to  the  secondaries,  as  in  F.  crossi. 
They  seem  best  removed  from  Ficus  uncata. 

These  leaves  suggest  Khamnus  goldianus 
Lesquereux,'  but  they  are  more  wedge-shaped 
at  the  base  and,  moreover,  the  secondaries 
curve  near  the  margins  in  a  very  different 
manner. 

Occurrence:  Laramie  formation  (type), 
Golden,  Colo.,  collected  by  Whitman  Cross, 
for  whom  it  is  named.  The  specimen  fig- 
ured was  collected  by  L.  F.  Ward  1}  miles 
southwest  of  Golden,  Colo. 

Ficus  eowanensis  Knowlton,  n.  sp. 

Plate  VIII,  figure  6;  Plate  IX,  figures  2,  3. 

Ficus  eowanensis  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  273,  1919. 

Leaves  of  large  size  and  thick  texture; 
ovate-lanceolate,  or  perhaps  narrowly  obovate- 
lanceolate,  with  long,  wedge-shaped  base  and 
rather  obtuse  apex;  margin  perfectly  entire; 
midrib  extremely  thick,  especially  below; 
secondaries  few — about  six  or  seven  pairs — far 
apart,  relatively  very  thin,  at  an  angle  of 
approximately  30®  or  40®,  apparently  campto- 
drome; nervilles  numerous,  very  thin,  at 
nearly  right  angles  to  the  secondaries. 

This  species  is  represented  by  several  exam- 
ples, all  of  which  are  fragmentary  or  more  or 
less  distorted..  The  length,  so  far  as  can  be 
made  out,  is  about  15  centimeters  and  the 
width  7  or  §  centimeters.  The  secondaries 
are  exceptionally  slender  for  a  leaf  of  this 
size. 

Occurrence:  Laramie  formation.  Cowan  sta- 
tion, 10  miles  south  of  Denver,  Colo.,  collected 
by  F.  H.  Knowlton. 

Ficns  berryana  Knowlton,  n.  sp. 

Plate  XI,  figure  1. 

Ficus  berry  arm  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  272,  1919. 

Leaf  thin  in  texture,  broadly  ovate,  very 
abruptly  rounded  and  truncate  at  the  base, 
deltoid-acuminate  at  the  apex;  margin  entire; 
nervation  very  light,  triple-nerved  from  the 
base  of  the  blade;  midrib  straight,  with  about 
two   pairs   of   alternate,    apparently   campto- 

s  Lejquereux,  Leo,  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  7,  pi.  53,  flgB.  4-8, 1878; 
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drome  secondaries;  lateral  ribs  at  an  angle  of 
approximately  45®,  thin,  passing  up  about  half 
the  length  of  the  leaf;  finer  nervation  obsolete. 

The  single  example  figured  is  all  that  was 
observed  of  this  species.  It  is  5.5  centimeters 
long  and  a  little  over  4.5  centimeters  wide.  It 
appears  to  be  closely  related  to  Ficus  ovatifolia 
Berry,*  from  the  Eutaw  formation  of  McBrides 
Ford,  Ga.  It  is,  however,  more  truncate  at 
the  base  and  more  obtuse  at  the  apex,  and  the 
lateral  ribs  do  not  ascend  as  high  as  in  the 
Eutaw  form. 

This  species  is  named  in  honor  of  Edward 
Wilber  Berry,  of  Johns  Hopkins  University. 

Occurrence:  Laramie  formation,  Marshall, 
Colo.,  railroad  cut  between  old  and  new  sta- 
tions, collected  by  A-  C.  Peale,  1908. 

Fleas  arenacea  Lesquereax. 

Plate  X,  tiguree  2,  4;  Plate  XXI,  figure  f. 

Ficus  arenacea  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1871,  p.  300,  1872;  Tertiary 
flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  195, 
pi.  29,  figs.  1,  4,  5,  1878. 

Ficus  lanceolata  Heer.  Knowlton,  U.  S.  Geol.  Survey 
BuU.  152,  p.  102,  1898. 

The  early  history  of  this  species  is  the  same 
as  that  of  Ficus  lanceolata  (now  F,  natncitlaris, 
q.  V.) — that  is,  it  is  a  part  of  the  collection  from 
an  unknown  locality,  the  original  labels, 
according  to  Lesquereux,  "having, been  lost  or 
forgotten."  The  matrix  is  a  hard,  shaly,  fine- 
grained whitish  sandstone,  and  although  it  was 
subsequently  supposed  to  have  come  from  the 
Green  River  formation  it  probably  came  from 
the  Laramie.  In  any  event,  the  two  frag- 
mentary leaves  from  the  Laramie  at  Marshall 
here  figured  are  not  to  be  distinguished  from 
figure  4  of  Plate  XXIX  of  Lesquereux's 
''Tertiary  flora,"  and  the  species  may  now 
take  definite  place  in  the  Laramie  flora. 

Occurrence:  Laramie  formation,  Marshall, 
Colo.,  collected  by  Arthur  Lakes,  1890. 

Fleuiir  Mcnlatns  Knowlton,  n.  sp. 

I'late  XI,  figure  G. 

FicuMt  ajAcubitUM  Knowlton  [nomen  nudum],  U.  iS.  Geol. 
Survey  Hull.  61WJ,  p.  270,  1919. 

J>!af  membraniiceouH,  ovate-lanceolate,  being 
abruptly  rounded  below  and  prolonged  above 
luUf  a  long,  Hiender  acuminate  apex;  mai-gin 

*  Ij-wry,  K    W,,  »;   H,  Ow,].  Hurvey  J'rof.  i'aiw  84,  pi.  19,  Hgs.  5-7. 


entire;  nervation  consisting  of  a  rather  strong 
midrib  and  four  or  five  pairs  of  thin,  remote 
secondaries,  which  curve  upward  and  follow 
the  margin  for  a  considerable  distance;  finer 
nervation  very  obscure. 

This  leaf,  the  only  one  observed,  is  nearly 
perfect,  as  it  lacks  only  the  basal  portion.  It 
is  about  12  centimeters  long  and  3.5  centimeters 
wide  and  may  be  known  by  its  ovate-lanceolate 
outline  with  long,  slender  tip  and  the  few  curv- 
ing secondaries. 

This  species  has  the  same  shape  of  leaf  and 
type  of  nervation  as  Ficus  populina  Heer,^ 
from  the  Swiss  Miocene,  but  it  differs  abso- 
lutely in  the  margin,  which  is  entire  in  the 
present  species  and  crenate  in  the  European 
form.  It  is  perhaps  doubtful  whether  this  leaf 
should  be  referred  to  Ficus. 

Occurrence:  Laramie  formation.  Cowan  sta- 
tion, south  of  Denver,  Colo.,  collected  by  F.  H. 
Knowlton,  1908. 

Order  ABI8TOLOCHIALSS. 
FamUy  ASISTOLOCHIACSAS. 

Aristolochia  brittoni  Knowlton,  n.  sp. 

Plate  XXIII,  figures  3-6. 

Arislolochia  brittoni  Knowlton  [nomen  nudum],  U.  S. 
Geol.  Survey  Bull.  696,  p.  %,  1919. 

Leaves  of  medium  size,  broadly  reniform, 
with  rounded  lobes,  a  deep  roimded  sinus, 
entire  margin,  and  abruptly  acuminate  or 
obtuse  apex;  petiole  very  thick;  nervation  pal- 
mately  three-ribbed  from  the  very  base  of  the 
blade;  midrib  thick,  especially  below,  becoming 
flexuose  in  the  upper  portion,  three  or  four 
paira  of  alternate  secondaries  above  the  middle, 
arising  at  an  angle  of  approximately  35°,  fork- 
ing well  below  the  margin,  and  each  joining 
the  one  next  above  by  a  broad  loop  and  with 
one  or  two  series  of  loops  outside;  lateral  ribs 
strong,  arising  at  an  angle  of  about  45°,  passing 
upward,  and  joining  the  lowest  secondary  on 
the  midrib  by  a  broad  loop,  each  with  about 
four  secondary  branches  on  the  outside,  which 
arch  and  join  similarly  to  the  upper  secondaries; 
the  lowest  pair  of  secondaries  with  about  four 
tertiary  anastomosing  branches  on  the  lower 
side,  supplying  the  rounded  lobes  of  the  blade; 
nervilles  strong,  pei*current,  forming  large  rec- 
tangular areas;  ultimate  nervation  not  pre- 
served. 


i  Flora  tertiaria  HelTetiae,  vol.  2,  pi.  86,  figs.  4, 5, 1856. 
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This  fine  species,  which  appears  to  be  quite 
unlike  anything  before  reported  from  the 
Laramie,  is  represented  by  the  nearly  perfect 
example  figured  and  by  another,  much  poorer 
specimen  which  has  little  but  the  margin  pre- 
served. The  form  is  broadly  reniform,  entire 
leaf  about  6.5  centimeters  wide  and  about  5.5 
centimeters  long,  exclusive  of  the  petiole,  which 
is  17  millimeters  along  and  2  millimeters  in 
diameter.  The  leaf  is  characterized  by  the 
three  strong  palmate  ribs,  the  central  with 
three  or  four  camptodrome  secondaries,  and  the 
lateral  with  an  equal  number  of  tertiary 
branches,  all  the  ultimate  branches  of  second- 
aries and  tertiaries  anastomosing,  and  with  one 
or  two  series  of  broad  loops  outside. 

After  a  somewhat  careful  comparison  of  this 
species  with  both  living  and  fossil  leaves  re- 
ferred to  the  genus  Aristolochiay  there  can  be 
little  doubt  as  to  the  correctness  of  this  deter- 
mination. Among  the  living  species,  for  ex- 
ample, it  has  very  much  the  same  shape  as 
A.  clematis  Linn6  and  A,  hirta  Linn6,  both  of 
the  Old  World,  and  in  both  form  and  nervation 
it  approaches  the  American  A.  tomentosa  Sims. 

Among  the  fossil  species  described,  the  one 
under  discussion  somewhat  resembles  A,  aes- 
eulapi  Heer,*  but  is  a  little  larger.  It  is  also 
considerably  like  A,  cordifolin  Newberry, • 
from  the  Fort  Union  formation  of  Montana, 
which  differs  in  being  longer  than  broad  and 
in  having  five  ribs  springing  from  the  top  of 
the  petiole. 

Among  the  specimens  from  Marshall's  mine 
is  a  fragment  of  the  upper  portion  of  a  leaf 
that  is  referred  with  some  hesitation  to  this 
species.  It  was  a  somewhat  larger  leaf,  with 
a  slightly  more  obtuse  apex  and  a  relatively 
thicker  midrib.  It  bears  about  four  pairs  of 
alternate  or  subopposite,  remote  secondaries, 
which  arch  by  a  broad  curve  far  within  the 
margin  and  are  provided  with  two  or  three 
distinct  series  of  large  loops  outside.  There 
are  also  intermediate  secondaries  which  anasto- 
mose with  the  main  secondaries  by  irregular 
rectangular  areas.  This  is  certainly  a  leaf  of 
the  same  typo  as  that  first  described  and  hardly 
differs  except  as  regards  the  intermediate  sec- 

ft  Heer,  Oswald,  Flora  tertiaria  llelvetiae,  vol.  2,  p.  104,  pi.  C.  fig.  11, 
ISM. 
•  Newberry,  J.  8.,  U.  S.  Geol.  Survey  Mon.  35,  pi.  40,  fig.  7, 1898. 


ondaries  and  the  more  irregular  nervilles.  It 
may  be  a  different  but  closely  related  species, 
but  it  seems  best,  in  the  light  of  our  present 
knowledge,  to  regard  them  as  identical. 

This  species  is  named  in  honor  of  Dr.  N.  L. 
Britton,  director  of  the  New  York  Botanical 
Garden,  by  whom  the  specimens  were  collected. 

Occurrence:  Laramie  formation,  Coal  Creek 
and  Marshall's  mine,  Boulder  County,  Colo., 
collected  by  N.  L.  Britton  about  1880. 

Order  KAKALBS. 
Family  NTMPHASACSAS. 

Nelumbo  tenoifoUa  (Lesquereux)  Knowlton. 

PUte  XXVI,  figure  7. 

Nelumbo  tenui/olia  (Lesquereux)  Knowlton,  U.  S.  Geol. 
Survey  Bull.  696,  p.  407, 1919.  ' 

Nelumbium  tenuifolium  Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1873,  pp.  382, 
402,  1874;  idem  for  1876,  p.  514,  1878;  Tertiary 
flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  p. 
253,  pi.  46,  fig.  3,  1878. 

The  type  specimen  of  this  species  is  pre- 
served in  the  United  States  National  Museum 
(No.  372,  by  error  in  the  catalogue,  472).  It 
is  very  indistinct,  and  the  figure  of  it  in  the 
"Tertiary  flora"  is  far  from  accurate.  The 
only  part  of  the  true  margin  preserved  is  a 
fragment  hardly  3  centimeters  in  extent  shown 
in  the  upper  left-hand  portion  of  the  figure. 
A  careful  examination  of  the  specimen  fails  to 
show  the  margin  in  the  lower  portion,  as  given 
in  the  figure.  This  proves  that  the  leaf  was 
larger  than  appears  from  the  drawing.  It  has 
thin  ribs,  as  described  by  Lesquereux,  and  the 
whole  leaf  appears  to  have  been  of  thin  texture. 
In  the  original  description  Lesquereux  stat^ 
that  the  leaf  is  "exactly  round,  peltate  from 
the  middle,  and  8  or  9  centimeters  in  diameter." 
As  noted  above,  the  type  specimen  is  larger 
than  the  description  calls  for,  being  fully  10 
centimeters  in  diameter.  The  ribs  are  13  in 
number,  but  this  feature  is  of  little  or  no 
specific  significance. 

This  species  is  most  closely  related  to 
Nelumbo  lakesiana  (Lesquereux)  Knowlton,^ 
a  well-known  Denver  species,  from  which  it 
differs  in  its  obviously  thin  texture,  thin  ribs, 
and  smooth  surface. 


»  Lesqueroux,  I^eo,  The  Tertiary  flora:  U.  8.  Geol.  Survey  Terr.  Rept., 
vol.  7,  p.  252,  pi.  46,  figs.  1,  2, 1878. 
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LARAIkHE  FLOBA  OF  THE  DENVER  BASIN. 


In  the  collection  from  Erie,  Colo.,  there  is  a 
single  example  (here  figured)  which  appears  to 
belong  with  N.  tenujolia.  It  is  folded  around 
on  both  sides  of  a  thin  piece  of  matrix  and 
appears  to  have  been  a  thin,  delicate  leaf.  Its 
diameter  is  about  10  centimeters;  it  has  the 
same  number  of  ribs  as  the  type  specimen. 
The  margin  is  gently  undulate,  and  the  ribs 
are  forked  or  branched  some  distance  below 
the  margin.    The  finer  nervation  is  obscure. 

Occurrence:  Laramie  formation,  Erie,  Colo., 
collected  by  N.  L.  Britton  about  1885.  Den- 
ver formation.  Sand  Creek,  15  miles  east  of 
Denver,  Colo.,  collected  by  A.  Gardner. 

Family  MAQNOLIACSAS. 
MaffnoUannaralialli  Knowlton,  n.  sp. 

Plate  XXI,  figure  10. 

Magnolia  marthalli   Knowlton  [nomen    nudum],   U.   S. 
Geol.  Survey  Bull.  696,  p.  374,  1919. 

Leaf  oblong-lanceolate,  with  an  obtuse  apex 
and  an  obtusely  wedge-shaped  base;  midrib 
straight,  thick;  secondaries  about  15  pairs, 
alternate  or  a  few  subopposite,  emerging  at  an 
angle  of  40^  or  45^,  running  with  a  slight  up- 
ward curve  to  a  point  within  one-fifth  of  their 
length  from  the  margin,  where  each  arches 
aroimd  and  joins  the  one  next  above  by  an  even, 
r^ilar  loop,  from  the  outside  of  which  smaller 
tertiaries  are  sent  toward  the  margin;  nervilles 
strong,  percurrent,  at  right  angles  to  the  sec- 
ondaries; finer  nervation  obsolete. 

This  fine  leaf  is  10.5  centimeters  long  and 
3.5  centimeters  wide  at  the  broadest  point, 
which  is  perhaps  a  little  above  the  middle  of 
the  leaf.  From  the  broadest  point  it  tapers 
gradually  to  a  rather  obtuse  apex  and  in  about 
the  same  manner  to  the  base.  The  petiole  is 
not  preserved.  The  midrib  is  very  thick  and 
prominent. 

This  leaf  is  referred  to  Magnolia  with  little 
hesitation.  In  outline  it  is  very  similar  to  a 
niunber  of  living  species,  as,  for  example,  some 
of  the  cultivated  forms  of  M.  grandijlora 
Linn6,  young  leaves  of  M.  umbrella  Linn£,  and 
.  particularly  M.  pealii  King,  a  large  tree  foimd 
in  Upper  Assam,  India.  Its  relation  with  M. 
pealii  is  very  close,  indeed,  for  it  has  the  exact 
outline — except  the  taper-pointed  apex — and 
much  the  same  nervation.  In  nervation  M. 
marshaUi  has  clearly  the  characters  of  Mag- 
nolia.  as  shown  by  the  figure. 


Among  fossil  species  of  the  Laramie  and 
post-Laramie  formations  the  present  species 
approaches  most  closely  M.  attenuata  Lesque- 
reux,*  differing  by  being  much  smaller  and 
narrower.  It  also  somewhat  resembles  li, 
dayana  (Lesquereux)  Cockerell,  from  the  au- 
riferous gravels  of  California,'  from  which  it 
differs  in  being  only  half  the  size  and  relatively 
broader  and  less  wedge-shaped  at  base. 

Occurrence:  Laramie  formation,  Marshall's 
mine,  Boulder  County,  Colo.,  collected  by 
Arthur  Lakes,  1890. 

Magnolia  lakeaii  Knowlton,  n.  q^ 

Plato  Xm,  figure  2. 

Magnolia  lakuii  Knowlton  [nomen  nudum],  U.  S.  Greoi. 
Survey  Bull.  696,  p.  373,  1919. 

Leaf  of  firm  texture,  broadly  elliptical, 
almost  oval,  abruptly  rounded  in  about  the 
same  degree  to  base  and  apex;  margin  per- 
fectly entire;  midrib  strong  below,  becoming 
much  thinner  above,  straight;  secondaries  four 
or  five  pairs,  very  thin,  opposite  or  suboppo- 
site, at  a  very  low  angle,  much  ciu^ed  upward, 
each  joining  the  one  next  above  and  far  inside 
the  margin  by  a  broad  loop;  nervilles  few, 
mostly  unbroken,  oblique  to  the  secondaries; 
finer  nervation  obsolete. . 

The  leaf  figured,  which  is  one  of  several  of  its 
form,  was  about  7  centimeters  long  and  5. 5  centi- 
meters wide.  It  is  nearly  elliptical,  with  an 
abruptly  roimded  and  truncate  base.  It  is 
well  marked  by  the  thick  midrib  and  few,  thin 
secondaries  arising  at  a  very  low  angle  and 
joining  the  ones  above  far  from  the  margin  of 
the  blade. 

Among  the  living  American  species  of  the 
genus  Magnolia  the  leaf  imder  consideration 
seems  to  be  most  closely  related  to  Magnolia 
acuminata  Linn6,  or  more  especially  its  variety 
cordaiOj  which  has  been  somewhat  modified, 
apparently  by  long  cultivation.  The  fossil  leaf 
differs  in  being  more  nearly  elliptical  and  in 
having  fewer  secondaries,  but  its  general 
appearance  is  much  like  that  of  the  species 
mentioned. 

This  species  has  some  resemblance  to  what 
was  called  Ficus  haguei  Knowlton,"  from  the 

*  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  250,  pL 
45,  flg.  6,  1878. 

•  Harvard  Coll.  Mus.  Comp.  Zoology  Mem.,  vol.  6,  pi.  6»  fig.  4, 1878. 

u  Knowlton,  F.  H.,  Fossil  flora  of  the  YellowBtone  Natbmal  Puk: 
U.  S.QeoL  Survey  Mon.  32,  pt.  2.  pi.  90,  fig.  3, 1809. 
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Miocene  of  the  Yellowstone  National  Park,  but 
it  differs  slightly  in  shape  and  more  markedly  in 
nervation.  It  is  rather  doubtful  if  F.  haguei 
was  correctly  referred  to  the  genus  Ficu8. 

Occurrence:  Laramie  formation,  Marshall, 
Boulder  County,  Colo.,  collected  by  Arthur 
Lakes,  1890. 

FamUy  AKONACSAS. 
Anona  coloradensis  Knowlton,  n.  sp. 


Plate  XVIII,  figure  4. 

Anona  coloraderuis   Knowlton   [nomen   nudum],   U. 
Geol.  Survey  Bull.  696,  p.  78,  1919. 


S. 


Leaves  evidently  thin  and  membranaceous, 
narrowly  ovate-lanceolate,  very  obtusely  wedge- 
shaped  at  the  base,  long  acuminate  at  the  apex ; 
margin  perfectly  entire;  midrib  strong,  straight; 
secondaries  about  seven  pairs,  alternate,  thin, 
at  an  angle  of  about  50^,  much  curved  upward 
just  along  the  borders ;  finer  nervation  obsolete. 

The  specimen  figured  is  about  8  centimeters 
long  and  2.75  centimeters  wide  and  is  perfect 
except  for  small  areas  at  the  extreme  base  and 
apex. 

This  species  appears  to  be  closely  related  to 
Anona  palmeri  Safford,"  a  recently  described 
living  species  from  the  vicinity  of  Acapulco, 
Mexico,  being  especially  like  the  larger  upper- 
most leaves  of  that  form.  They  are  of  the  same 
size  and  shape  and  have  the  same  character  of 
nervation,  about  the  only  apparent  difference 
being  the  fewer  secondaries  in  A.  coloradensis. 

Three  species  of  Anona  from  this  country 
have  thus  far  been  described — A.  cretacea 
Lesquereux,"  from  the  Dakota  sandstone; 
A.  rohuata  Lesquereux,***  from  the  Laramie  at 
Qolden,  Colo.;  and  A.  spoliaia  Cockerell," 
from  the  Miocene  at  Florissant,  Colo.  The 
Dakota  species  has  never  been  figured.  The 
original  figure  of  A.  rohusta,  the  Laramie 
species,  is  reproduced  in  Plate  XVII,  figure  7. 
The  Florissant  species  is  smaller  and  very 
different  in  shape,  being  similar  to  the  hving 
A.  glahra  Linn6,  of  Florida.  The  present 
species,  if  referable  to  this  genus,  belongs  to 
quite  another  section  than  those  above  men- 
tioned. 

u  Baflord,  W.  E.,  Contr.  U.  S.  Nat.  Herb.,  vol.  18,  pi.  24, 1914. 

tt  Lesquereux,  Leo,  The  Cretaceous  and  Tertiary  floras:  U.  S.  Geol. 
Sonrey  Terr.  Kept.,  vol.  8,  p.  77, 1883. 

lu  Idem,  p.  124,  pi.  20,  fig.  4. 

u  Codcerell,  T.  D.  A.,  Descriptions  of  Tertiary  plants,  II:  Am.  Jour. 
Set,  4th  Mr.,  vol.  aS,  p.  542,  fig.  7, 1908. 


Occurrence:  Laramie  formation,  Cowan  sta- 
tion, 10  miles  south  of  Denver,  Colo.,  collected 
by  F.  H.  Knowlton. 

Anona  robosta  Lesquereox. 

Plate  XVII,  figure  7.  ^ 

Anona  robusta  Lesquereus^,  Cretaceous  and  Tertiary 
floraa:  U.  S.  Geol.  Survey  Terr.  Rept.^  vol.  8, 
p.  124,  pi.  20,  fig.  4,  1883. 

Leaf  large,  about  13  centimeters  long,  6 
centimeters  broad  below  the  middle,  coriaceous, 
ovate-lanceolate,  gradually  narrowed  to  the 
pointed  apex,  abruptly  roimded  and  truncate 
at  the  base,  margin  sUghtly  undulate;  median 
nerve  very  thick,  especially  below,  straight; 
secondaries  12  or  13  pairs,  strong,  mainly 
alternate,  close,  parallel,  very  open  or  nearly 
at  right  angles  toward  the  base,  then  gradually 
at  a  more  acute  angle,  slightly  curved  upward, 
camptodrome;  nervilles  prominent,  oblique 
to  the  secondaries,  simple  and  continuous  or 
anastomosing  in  the  middle. 

The  type  and  so  far  as  known  the  only 
specimen  of  this  fine  species  is  in  the  collection 
of  the  Museum  of  Princeton  University  (No. 
La.  74).  It  is  preserved  on  the  coarse  white 
sandstone  characteristic  of  the  true  Laramie 
in  the  vicinity  of  Golden,  Colo.  There  is 
nothing  to  add  to  the  description  and  well- 
executed  figure  given  by  Lesquereux. 

Occurrence:  Laramie  formation,  Golden, 
Colo.,  first  sandstone  hogback  west  of  Tarr 
Hall. 

FamUy  LAXTBACSAS. 
Lanms  lanceolata  Knowlton,  n.  sp. 

Plate  XXI,  figure  7. 

Laurus  lanceolata  Knowlton  [nomen  nudum],  U.  S. 
Geol.  Survey  Bull.  696,  p.  346, 1919. 

Leaf  coriaceous,  narrowly  lanceolate  or 
possibly  oblanceolate,  long  and  narrowly 
wedge-shaped  at  the  base,  somewhat  im- 
equal  sided  (apex  destroyed);  midrib  rela- 
tively strong,  especially  below,  perfectly 
straight;'  secondaries  few  (only  four  pairs 
showing  in  the  specimen),  opposite  or  sub- 
opposite,  at  an  acute  angle,  passing  up  for 
long  distances  and  but  slightly  curved,  dis- 
appearing just  at  the  margin;  nervilles  few 
and  obscure,  apparently  imbroken  and  at 
right  angles  to  the  secondaries. 

This  species  is  represented  by  the  single 
example  fiigured,  which  unfortunately  lacks  the 
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upper  portion  for  an  unknown  length.  The 
absence  of  the  apical  portion  makes  it  impossi- 
ble to  determine  the  shape  satisfactorily;  it 
appears  to  be  simply  narrowly  lanceolate, 
though  it  may  be  larger  above,  which  would 
make  it  oblanceolate.  The  portion  preserved 
is  a  little  over  7  centimeters  in  length  and  a 
little  under  1.5  centimeters  in  greatest  width. 

This  species  is  quite  distinct  from  anything 
previously  noted  in  the  Laramie  and  appears 
to  find  its  closest  relative  in  Laurus  oregoniana 
Knowlton,"  from  the  Mascall  formation 
(Miocene)  of  the  John  Day  Valley,  Oreg.  That 
species  is  very  much  larger  than  the  leaf  under 
discussion,  being  some  18  centimeters  in  length 
and  3.5  or  4.5  centimeters  wide,  but  it  has  the 
same  shape  and  general  appearance.  It  differs 
slightly,  however,  in  having  the  secondaries 
markedly  alternate  and  the  nervilles  much 
broken. 

Occurrence:  Laramie  formation,  Coal  Creek, 
Boulder  County,  Colo.,  mine  on  road  near 
McNamara's,  collected  by  Arthur  Lakes,  Jime, 
1890. 

Laiums  lakesii  Knowhon,  n.  s^. 

Plate  XXII,  figure  6. 

Lawms  lakesii  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  346,  1919. 

Leaf  of  firm  texture,  lanceolate;  about  equally 
narrowed  to  both  base  and  apex;  midrib 
slender,  straight;  secondaries  about  six  or 
seven  pairs,  alternate,  at  a  low  angle,  campto- 
drome,  arching  close  to  the  border;  finer  ner- 
vation forming  quadrangular  areolae. 

This  little  leaf  is  about  6  centimeters  long 
and  1.2  centimeters  wide.  The  nervation  is 
not  very  well  preserved. 

This  species  is  of  the  same  type  as  and  pretty 
closely  related  to  what  Lesquereux  *^  described 
and  figured  under  the  name  Lauras  primigenia 
Unger,  mainly  from  Evanston,  Wyo.,  but  it 
is  rather  smaller  and  has  fewer  secondaries  at 
a  more  acute  angle  of  divergence. 

Lesquereux  mentions  specimens  from  Black 
Buttes,  Wyo.,  and  Spring  Canyon,  Mont., 
which  he  at  first  considered  identical  with 
those  subsequently  described  under  the  name 
Lauras  primigenia  Unger,  but  they  were  so 
fragmentary  that  he  hesitated  to  place  them 

14  U.  S.  Oeol.  Survey  Bull.  204,  p.  58,  pi.  9,  figs.  2,  3, 1602. 
i»  Lesquereux,  Leo,  The  Tertiary  flora:    U.  S.  Geol.  Survey  Terr. 
Rept.,  vol.  7,  p.  214,  pi.  36,  figs.  5, 6,  8, 1878. 


together.  It  is  possible  that  they  may  prove 
to  be  the  same  as  the  leaf  here  descdbed. 

The  leaf  described  above  as  Lauras  lanceolata 
is  of  about  the  same  size  and  shape  as  the 
present  one  but  differs  markedly  in  its  primary 
nervation. 

Occurrence :  Laramie  formation,  Coal  Creek, 
Boulder  County,  Colo.,  collected  by  Arthur 
Lakes,  1890. 

Launis  wardlana  Knowlton. 

Plate  XVI,  figure  1  (type). 

Lauras  wardiana  Knowlton,  U.  S.  Geol.  Survey  Bull.  152, 
p.  129,  1898. 

Launu  ocoteoidea  Lesquereux,  Tertiary  flora:  U.  S.  Qeol. 
Survey  Terr.  Rept.,  vol.  7,  p.  215,  pi.  36,  fig.  10, 
1878;  U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann. 
Rept.  for  1876,  p.  510,  1878.  [Lesquereux's  original 
figure  of  the  type  is  here  reproduced.]  [Homonym, 
Laurus  ocoteaeoides  Maasalongo,  Synopms  florae 
fossilis  Benogalliensis,  p.  57,  pi.  24,  fig.  3;  pi.  40, 
fig.  1,  1858.] 

The  type  of  this  fine  species  is  preserved  in 
the  United  States  National  Museum  (No.  905) 
and  is  the  only  specimen  ever  obtained  from 
the  Laramie.  It  comes  from  the  hard  white 
sandstone  at  Golden,  Colo.,  and  therefore  be- 
longs in  the  Laramie. 

Occurrence:  Laramie  formation,  Ooldeiiy 
Colo.  ?Dawson  arkose,  near  Mosby,  Colo.,  30 
feet  above  the  coal. 

Malapoenna  loaisvillensifl  Knowlton,  n.  sp. 

Plate  VII,  figure  5. 

Malapoenna    louisvUlensis    Knowlton    [nomen   nudum], 
U.  S.  Geol.  Survey  Bull.  696,  p.  379,  1919. 

Leaf  of  medium  size,  narrowly  ovate-lan- 
ceolate, apparently  wedge-shaped  at  the  base, 
narrowly  acuminate  at  the  apex;  nuaigin 
perfectly  entire;  midrib  strong,  straight;  secon- 
daries about  three  pairs,  opposite  or  subop- 
posite,  at  an  angle  of  nearly  80°,  the  lower  pair 
ascending  far  above  the  middle  of  the  blade, 
with  few  outside  branches,  camptodrome; 
nervilles  numerous,  mainly  broken  or  irregular; 
finer  nervation  forming  a  complete  irregular 
network. 

This  species  is  represented  by  two  fragmen- 
tary specimens,  of  which  the  larger  and  better 
is  figured.  As  this  specimen  lacks  both  base 
and  apex  it  is  impossible  to  ascertain  the  length, 
though  it  must  have  been  about  8  centimeters; 
the  width  is  a  little  less  than  3  centimeters. 
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The  smaller  leaf  could  hardly  have  been  over 
6  centimeters  in  length. 

In  shape  and  size  this  species  is  near 
Malapoenna  cuneata  Knowlton/*  from  the 
Yellowstone  National  Park,  but  it  differs 
essentially  in  the  fewer,  more  acute-angled 
secondaries. 

Occurrence:  Laramie  formation,  dump  of 
Rex  mine  No.  1,  Louisville,  Colo.,  collected  by 
A.  C.  Peale,  1908. 

Cinnamomum  af&ne  Lesquereux. 

Plate  VIII,  figure  4;  Plate  XVII,  figure  6. 

Cinnamomum  affine  Lesquereux,  Am.  Jour.  Sci.,  2d  ser., 
vol.  45,  p.  206,  1868;  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1869  [reprint,  1873],  p.  169; 
idem  for  1872,  p.  383,  1873;  idem  for  1873,  p.  401, 
1874;  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  7,  p.  219,  pi.  37,  fig.s.  1-4,  7  [not  fig.  5,  which  = 
Ficus  trinervis  Knowlton]. 

Knowlton,  U.  S.  Geol.  Survey  Bull.  163,  p.  59,  pi.  14, 
fig.  2,  1900. 

Cockerell,  Torreya,  vol.  9,  p.  142,  1909. 

For  many  years  there  has  been  much  con- 
fusion concerning  this  species,  but  it  is  believed 
that  there  are  now  sufficient  data  at  hand  to 
clear  up  most  of  this  uncertainty.  Cinna- 
momum  affine  was  named  by  Lesquereux^^  in 
1868  and  based  on  material  from  '^"Marshairs 
mine,  near  Denver,''  Colo.,  but  it  was  neither 
described  nor  figured  at  that  time.  It  was 
next  mentioned  the  following  year,  when 
Hayden  reproduced  Lesqueroux's  article  with- 
out change  in  his  Third  Annual  Report  of  the 
United  States  Geological  Survey  of  the  Terri- 
tories.*' It  was  briefly  alluded  to  but  not 
described  by  Lesquereux**  in  discussing  material 
from  Marshall  collected  by  himself  in  1872. 
He  was  then  undecided  as  to  whether  it  was 
really  distinct  from  his  Cinnamomum  mis- 
sissippiensej  from  what  is  now  known  as  the 
Wilcox  group  of  the  Gulf  region.  The  follow- 
ing year  Lesquereux'**  wrote  of  it  as  follows : 

From  the  comparison  of  a. large  number  of  specimens 

representing  various  forms  of  this  species,  it  proves  to  be, 

as  I  had  supposed,  a  mere  variety  of  C.  mississippiense. 

The  species  is  common  at  Golden  and  found  in  the  whole 

'  thickness  of  the  North  American  lignitic  measures. 

Cinn/imomum  affine  was  first  figured  and 
properly   described   in   the   ''Tertiary   flora,'^ 


w  U.  8.  Oeol.  Survey  Mon.  32,  pt.  2,  p.  728,  pi.  92,  flgs.  2-4,  1899. 

»•  Am.  Jour.  Scl.,  2d  ser.,  vol.  45,  p.  205,  1888. 

u  Reprint,  1873,  p.  196. 

"  U.  8.  Geol.  and  Geog.  Survey  Terr.  Sixth  Ann.  Rept.,  p.  383, 1873. 

»  U.  8.  Oeol.  und  Geog.  Survey  Terr.  Ann.  Rept.  for  1873,  p.  401, 1874. 


published  in  1878,  or  10  years  after  it  had  been 
named.     In  discussing  it  Lesquereux  says: 

I  have  been  for  a  long  time  undecided  in  regard  to  the 
possible  identity  of  this  northern  species  with  the  beauti- 
ful C.  miasiasippiense  I^esquereux,  communicated  by  Prof. 
E.  W.  Hilgard.  From  the  larger  size  of  the  Misedssippi 
leaf,  more  enlarged  below  the  middle,  its  more  rugose 
nervation,  and  the  greater  distance  of  the  lateral  nerves 
from  the  borders,  I  came  to  the  conclusion  that  the  leaves 
from  Golden  did  represent  a  new  species,  or  at  least  a 
diminutive  variety  of  C.  misaianppienae. 

In  any  event  it  was  kept  distinct  from  the 
Gulf  species,  and  subsequent  study  of  larger 
and  better  collections  has  confirmed  this  view. 

Lesquereux  expressed  some  doubt  as  to 
whether  the  specimen  illustrated  in  figure  7  of 
Plate  XXXVII  in  the  ^'Tertiary  flora^'  was 
conspecific  with  the  others  but  added  that  as 
it  was  ''found  upon  the  same  piece  of  shaly 
hard  sandstone  as  the  leaves  of  figures  1-3/^ 
it  could  not  be  separated  from  them.  He 
further  stated  that  the  leaf  depicted  in  his  figure 
4  was  the  specimen  first  obtained  from 
Marshall's  mine;  Colo.,  and  this  is  undoubtedly 
the  type  of  the  species.  Unfortunately,  neither 
this  specimen  nor  the  originals  of  Lesquereux's 
figures  1-3  can  now  be  foimd  in  the  United 
States  National  Museum,  where  they  should 
be,  and  their  location  is  imknown.  However, 
the  originals  of  figures  5  and  7  of  Plate  XXXVII 
of  the  ''Tertiary  flora"  are  in  the  Museum  (No. 
312)  and  came  from  Golden,  Colo.  They  are 
preserved  in  hard  whitish  sandstone  and  hence 
are  referable  to  the  Laramie.  So  far  as  known 
this  species  has  not  subsequently  been  found 
at  Golden. 

Although  a  considerable  collection  from 
Marshall,  the  type  locaUty,  has  been  studied  in 
the  present  connection,  no  examples  of  Cin- 
namomum affine  were  found,  but  Cockerell  " 
reports  finding  it  there  in  connection  with  What 
he  has  identified  as  Julians  leconteana.  He 
staftes  that  it  comes  from  a  relatively  high  level. 

The  leaf  shown  in  Plate  VIII,  figure  4,  came 
from  Cowan  station,  about  10  miles  south  of 
Denver,  Colo. ;  it  is  indistinguishable  from  fig- 
ures 1,  3,  and  4  of  Plate  XXXVII  of  the 
"Tertiary  flora.'' 

In  this  connection  it  may  be  well  to  correct 
a  number  of  erroneous  references  that  have  long 
been  current  regarding  Cinnamomum  affine. 
Thus,  it  was  said  to  be  very  conunon  in  the 

"  Cockerell,  T.  D.  A.,  Torreya,  vol.  9,  p.  142, 1909. 
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Canon  City  field,  but  here  it  was  confused  with 
what  has  been  described  as  Ficus  praetrinervi8 
Enowlton,''  an  exceedingly  abundant  form  in 
the  Vermejo  formation.  Lesquereux  also  stated 
that  he  had  specimens  of  it  from  the  Raton 
region  of  Colorado,  but  so  far  as  now  known  it 
is  not  present  there,  the  leaves  mistaken  for  it 
being  the  larger  C.  mississippiense,  which  is 
confined  to  the  Raton  formation.** 

The  specimens  from  beds  of  post-Laramie 
age  at  Carbon,  Wyo.,  are  probably  to  be  re- 
ferred to  Popvlvs  sp.  undet.,  and  the  specimens 
obtained  by  Ward  ^  at  Black  Buttes,  Wyo., 
have  been  referred  to  Picas  trinervia  Knowl- 
ton,'*  a  species  now  known  to  be  of  wide  dis- 
tribution. 

The  final  conclusion  is  reached  that  in  no 
authenticated  instance  has  Cinnamomum  affine 
been  found  at  a  horizon  younger  than  the  true 
Laramie. 

Occurrence:  Laramie  formation,  Marshall, 
Colo,  (types);  Marshall,  Colo.,  half  a  mile 
south  of  railway  station,  collected  by  F.  H. 
Knowlton,  1908;  Rex  mine,  Louisville,  Colo., 
collected  by  A.  C.  Peale,  1908;  Leyden  Gulch, 
6^  miles  west  of  Golden,  Colo.,  collected  by 
A.  C.  Peale,  1908;  Cowan  station,  10  miles 
south  of  Denver,  Colo.,  collected  by  F.  H. 
Knowlton. 

Cinnamomiim  laramiense  Knowlton,  n.  sp. 

Plate  XXII,  figure  3. 

Cinnamomum  laramienae  Knowlton  [nomen  nudum],  U.  S. 
Geol.  Survey  Bull.  696,  p.  170,  1919. 

Leaf  apparently  rather  thin  in  texture,  very 
narrowly  obovate-lanceolate,  being  broadest  at 
a  point  somewhat  above  the  middle,  from 
which  it  tapers  or  rounds  rather  abruptly  to  a 
roimded  apex  and  narrows  downward  to  a 
wedge-shaped  base;  triple-nerved,  the  midrib 
slender,  straight;  lateral  nerves  or  ribs  of  same 
size  as  midrib,  opposite,  arising  high  above  the 
base  and  running  nearly  to  the  apex  of  the 
leaf,  with  very  few  branches  on  the  outside; 
upper  secondaries  apparently  onl}^  one  pair,  less 
than  one-fourth  the  length  of  the  blade  from 
the  apex,  running  to  or  near  the  margin. 

"  U.  8.  Oeol.  Survey  Prof.  Paper  101,  p.  263,  pi.  41,  figs.  1-4;  pi.  42.  fig. 
1, 1918. 

**  Idem,  p.  320,  pi.  89.  fig.  2. 

"  U.  8.  Geol.  Survey  Sixth  Ann.  Rept.,  p.  558, 1886;  U.  8.  Oeol.  Survey 
Bull.  37,  p.  43, 1887. 
s»  U.  S.  Oeol.  Survey  Bull.  103,  p.  42, 1900. 


This  leaf,  of  which  only  a  single  one  seems  to 
have  been  found,  is  about  0  centimeters  long 
and  a  little  less  than  3  centimeters  wide. 

It  is  perhaps  unwise  to  attempt  the  charac- 
terization of  a  species  of  Cinnamomum  on  a 
single  specimen,  but  the  one  in  hand  seems  to 
differ  from  others  sufficiently  to  be  worthy  of 
independent  rank,  at  least  until  further  material 
can  be  obtained. 

Among  Uving  species  it  is  perhaps  nearest 
to  C,  cassia  Blume,  except  that  it  is  relatively 
rather  nan-ower  below.  Among  fossil  forms  it 
approaches  a  numl>er  of  species,  especially 
C,  lanceolatum  as  usually  depicted  from  Euro- 
pean sources.  From  that  species,  however,  it 
appears  to  differ  in  having  a  more  obtuse  apex 
and  only  two  pairs  of  secondaries  on  the  midrib. 

Occurrence:  Laramie  formation,  Morrison, 
Colo.,  white  sandstone  near  coal  seam,  collected 
by  Arthur  Lakes,  1890;  Cowan  station,  10  miles 
south  of  Denver,  Colo.,  collected  by  F.  H. 
Kjiowlton,  1908. 

Order  BOSALIS. 
FamUy  PLATANAGXAB. 
Platonofl  iriatonoidee  (Lewniereiiz)  Knowlton? 

Plate  XIII,  figure  1. 

Platanus  platanoides  (Lesquereux)  Knowlton,  U.  8.  Geol. 
Survey  Bull.  152,  p.  171,  1899. 

Viburnum  platanoides  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1874,  p.  314, 1876;  Ter- 
tiary flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7, 
p.  224,  pi.  38,  figs.  8,  9, 1878. 

One  of  the  original  types  of  this  species, 
illustrated  in  the  ''Tertiary  flora,''  Plate 
XXXVIII,  figure  8,  is  preserved  in  the  United 
States  National  Museum  collection  (No.  327). 
It  came,  according  to  Lesquereux,  from  Black 
Buttes,  Wyo.  As  indicated  above,  it  was  de- 
scribed under  the  name  Vibvrnum  platanoides 
and  was  regarded  as  being  rather  closely  re- 
lated to  Viburnum  marginatum  (now  Platanus 
martjinata),  from  which  it  differs  in  having 
''less  numerous,  more  open,  lateral  veins, 
whose  branches  are  more  curved  in  passing  up 
to  the  borders,  and  especially  by  the  enlarged 
truncate  or  subti-uncate  base  of  the  leaves." 
The  type  specimen  is  rather  fragmentary,  but 
so  far  as  known  it  has  b.een  accurately  diagnosed 
by  Lesquereux. 

Platanus  platanoides  has  since  been  found 
in  beds  of  "Lower  Laramie''  (Medicine  Bow) 
age  in  Carbon  County,  Wyo.,  and  has  been 
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reported  as  doubtfully  present  in  the  R&ton 
fonnation  of  southern  Colorado. 

The  probable  presence  of  this  species  in  the 
Laramie  near  Erie,  Colo.,  is  attested  by  the 
single  example  here  figured.  It  is  very  frag- 
mentary, lacking  nearly  all  of  the  basal  portion, 
and  the  secondaries  and  ribs  are  at  a  more 
acute  angle  in  the  type  specimen,  but  other- 
wise it  appears  to  be  referable  to  this  species. 

Occurrence:  Laramie  formation,  Reliance 
mine,  Ij  miles  northeast  of  Erie,  Colo.,  col- 
lected by  F.  H.  Knowlton  and  G.  C.  Martin, 
1908. 

FunUy  LiaumNOSAI. 

LegnminoaltesT  coloradenals  Snowllon,  n.  sp. 

Plate  XIX,  figure  9. 

LtfumirtOsiUtf  eoloTaderuit    Knowlton   [nomen   nudum], 
U.  8.  Gedl.  Survey  Hull.  696,  p.  352,  1919. 

Fruit  of  lai^e  size,  flattened  obovoid,  point 
of  attachment  small  (apex  not  seen),  thickened 
or  ridged  along  one  side,  body  provided  with 
numerous  fine  transverse  lines. 

This  specimen,  the  only  one  observed,  lacks 
the  apical  (?)  end  but  otherwise  is  apparently 
perfect.  Its  present  length  is  2.5  centimeters, 
but  when  perfect  it  was  probably  not  less  than 
3  centimeters  in  length.  The  width  is  1.5  cen- 
timeters, and  the  thickness  in  its  present  flat- 
tened condition  is  about  5  millimeters.  The 
transverse  lines  are  obscure,  and  there  is  no 
indication  of  lines  in  the  other  direction. 

The  generic  reference  of  this  specimen  is 
somewhat  uncertain,  from  the  fact  that  it  is 
not  perfect  and  also  because  it  does  not  lie  in 
the  n&atrix  so  as  to  be  displayed  to  the  best 
advantage.  In  its  shape  and  the  transverse 
lines  it  somewhat  resembles  what  has  been 
called  Nyasaf  racemosa  Knowlton,  from  the 
Denver  beds  at  Golden,  but  it  differs  greatly 
in  size  and  in  the  absence  of  longitudinal  lines 
or  ribs.  It  may  possibly  belong  to  the  genus 
Podogojiium,  so  many  species  of  which  from 
the  Swiss  Miocene  are  described  by  Heer," 
but  it  is  not  clear  that  it  is  a  pod  of  this  char- 
acter, and,  moreover,  there  are  no  transverse 
striae  in  the  forms  "shown  by  Heer.  In  gen- 
eral shape  and  in  size  it  suggests  LeguminosUesf 
arachioidea  Lesquereux,"  though  it  differs 
markedly  in  the  striationa  and  their  direction. 

••  H««,  Onnld,  Flon  tertluit  Helvetian  vol.  3,  pi.  130,  ISM. 

;  Leo,  The  TenUry  fttm:  U.  S.  0»l.  Soivey  Terr. 
T.pl.W,  Be.  14,  1ST8. 


Occurrence:  Laramie  formation,  wooded 
bluff  south  of  Marshall,  Colo.,  collected  by 
A.  C.  Peale,  1908. 


PUte  XIX,  Ggurea  4,  6. 


Ltgwminoaitei  oohivAianu*   Knowlton  [nomen  nudum], 
U.  S.  Gool.  Survey  Bull.  686,  p.  362, 1919. 

As  interpreted  this  appears  to  have  been  a 
small  turgid  pod  which  was  a  little  longer 
than  broad,  acuminate  at  the  apex,  and  short- 
pediceled. 

This  remarkable  fonn  is  represented  by  three 
specimens,  all  of  which  are  figured.  The  two 
more  nearly  perfect  examples  appear  to  be 
small  pods  that  have  been  split  along  one  of 
the  sutures  and  are  now  open  on  the  stone. 
The  larger  one  has  a  length  of  9  millimeters 
exclusive  of  the  pedicel,  which  is  2  millimeters 
long,  and  a  width  of  6  millimeters  as  it  is 
spread  open,  or  3  millimeters  to  each  "valve." 
The  smaller  specimen  is  5.5  millimeters  long 
and  6  millimeters  wide  and  is  without  a  pedicel. 
The  third  specimen  is  somewhat  crushed  and 
distorted.  Itis  11  millimeters  long  and  appears 
to  have  been  6  or  7  millimeters  wide;  it  alao  is 
without  a  pedicel. 

Just  at  the  point  of  the  more  crushed  speci- 
men there  are  two  small  round  or  oblong,  pea- 
like seeds,  each  3  millimeters  in  diameter. 
Very  close  to  the  large  perfect  specimen  is  the 
impression  of  what  appears  to  have  been  a 
■similar  "seed."  There  is  of  course  no  proof 
that  either  of  the  "seeds"  came  from  these 
pods,  but  their  proximity  renders  it  possible,  if 
not  probable,  although  none  of  the  pods  appear 
to  show  traces  or  imprints  of  the  seeds,  as  it 
would  seem  they  should. 

It  is  with  hesitation  that  this  fossil  is  given  so 
definite  a  name  as  LeguminosUes.  This  genus 
was  instituted  for  the  reception  of  certain  mis- 
cellaneous plant  remains  which  appear  to  be- 
long to  the  Leguminosae  but  about  which 
knowledge  is  too  indefinite  to  permit  a  satis- 
factory generic  reference.  The  fossils  under 
consideration  appear  to  belong  to  the  Legumi- 
nosae— that  is,  they  appear  to  be  pods  from 
which  small  roimd,  pealike  "seeds"  may  have 
escaped.  They  have  a  form  very  like  that  of 
certain  living  species  of  Astragtdus,  as  A.  cana- 
derma  Linn^  and  A.  confertifoliua  Gray,  or 


148 


LARAMIE  FLORA  OF  THE  DENVER  BASIN. 


rather,  as  these  would  appear  when  opened  and 
lying  in  a  rock.  The  identification  is  to  be 
regarded  as  tentative,  but  whatever  their 
nature,  they  are  very  definite  organisms  and 
undoubtedly  may  be  easily  recognized  in 
future. 

Occurrence:  Laramie  formation,  Erie,  Colo. 

Legominoaites?  laramiensis  Knowlton,  n.  sp. 

Plate  XVll,  figure  4. 

Leguminositest  laramiensis    Knowlton    [nomen   nudum], 
U.  S.  Geol.  Sun-ey  Bull.  696,  p.  353,  1919. 

Leaflet  narrowly  obovate-lanceolate,  broad- 
est well  abo\;e  the  middle,  whence  it  narrows 
evenly  in  wedge-shaped  form  to  the  base  and 
more  abruptly  to  the  more  obtusely  acuminate 
apex;  margin  entire;  midrib  relatively  very 
thick;  secondaries  thin,  obscure,  apparently 
about  eight  pairs. 

This  is  a  small  leaf  or  leaflet  3  centimeters 
long  and  about  1  centimeter  wide.  It  is  pre- 
served on  a  rather  coarse  grained  sandstone, 
which  has  retained  but  little  trace  of  the  ner- 
vation. It  is  so  poorly  characterized  that  the 
generic  reference  is  very  uncertain,  hence  it  is 
not  worth  while  to  institute  comparisons  with 
described  species,  as  they  might  be  very 
misleading. 

()ccurren<;e :  Lanunie  formation,  opposite 
sand-lime  brick  works  about  4  miles  north  of 
Ciilorado  Springs,  (V)lo.,  collected  by  A.  C. 
Poale  and  G.  I.  Finlay,  1908,  on  same  stone 
with  Dombeyopsis  trivialis. 

Mimosites  marshaUaniu  Knowlton,  n.  sp. 

Plate  XVI,  figure  4. 

MimosUes  marshallanus  Knowlton  [nomen  nudum],  U.  S. 
Oeol.  Survey  Bull.  696,  p.  387,  1919. 

I^^aflet  .small,  narrowly  obovate,  very  ob- 
tusely jMiinted  at  the  apex  and  wedge-shaped 
at  the  base,  2.75  centimeters  long,  14  milli- 
met^frs  wide;  margin  perfectly  entire;  nerva- 
tion faint,  consisting  of  a  slender  midrib  and 
apparently  two  or  three  pairs  of  secondary 
branches. 

Thi^  little  leaflet  is  the  only  one  observed. 
It  is  perfect  so  far  as  outline  goes,  but  the 
nervation  is  obscure.  It  appears  to  have  been 
sessile,  as  the  base  is  slightly  enlarged. 

Occurrence:  Laramie  formation,  Marshall, 
^'olo.,  railroarl  cut  between  old  and  new  sta- 
tions, collected  by  A.  C.  Peale,  1908. 


Cassim?  Uramiensis  Knowlton,  n.  sp- 

Plate  XIX,  figure  3. 

Cassia  f  laramiensis    Knowlton    [nomen    nudum],  U.   8. 
Geol.  Survey  Bull.  696,  p.  146,  1919. 

Leaflet  small,  about  3  centimeters  long  and 
1.3  centimeters  wide,  ovate  or  elliptical*lanceo- 
late,  rather  abruptly  rounded  at  the  base, 
obtusely  pointed  at  the  apex;  margin  appar- 
ently entire;  nervation  rather  obscure,  consist- 
ing of  a  rather  strong  midrib  and  seven  or 
eight  pairs  of  thin,  alternate  or  subopposite 
camptodrome  secondaries. 

This  little  leaf  or  leaflet  is  so  obscurely  pre- 
served that  it  is  hardly  worth  a  name  and 
description.  It  lacks  most  of  the  margin,  and 
this  fact  of  course  obscures  its  aflinity.  It  is 
referred  provisionally  to  the  genus  Cassia. 

Occurrence:  Laramie  formation,  Marshall, 
Colo.,  collected  by  A.  C.  Peale,  1908. 

*     Cercia  eocenica  Lesqnerenz. 

Cercis  eocenica  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Kept,  for  1872,  p.  384,  1873. 

Lesquereux*s  description  and  remarks  con- 
cerning this  species  are  as  follows : 

Leaf  nearly  round,  entire,  of  a  thin  texture,  amooth 
surface,  deeply  cordate  at  base,  nervation  of  Cercis  cana- 
densis. 

The  leaf  has  its  point  destroyed;  it  is  apparently  obtuse 
or  rounded.  Except  that  it  is  more  deeply  cordate  than 
the  average  leaves  of  our  Cercis  canadensis,  there  is  no 
difference  whatever  between  the  fossil  leaves  and  those 
of  the  living  species. 

So  far  as  known  this  species  was  not  again 
referred  to  by  Lesquereux,  and  it  should  prob- 
ably be  omitted  from  further  consideration, 
yet  it  is  described  so  definitely  that  apparently 
it  could  be  recognized  if  it  should  be  found, 
and  for  this  reason  it  is  retained. 

Occurrence:  Laramie  formation,  Erie,  Colo. 

Order  SAPIKDALXS. 

Family  CELASTBACEAB. 

Celastrinites  alatus  Knowlton,  n.  sp. 

Plate  XXV,  figures  4,  5;  Plate  XXVI,  figure  1. 

Celastrinites  alatus  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  152,  1919. 

Leaveis  thin,  membranaceous,  ovatQ  or 
broadly  ovate,  extended  above  into  a  short, 
sharp  acumen  and  below  into  a  rounded  or 
slightly  wedge-shaped  base,  which  is  extended 
down  the  petiole,  producing  a  decided  wing; 
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margin  from  or  a  little  below  the  middle  pro- 
vided with  numerous  fine,  sharp  upward- 
pointing  teeth;  midrib  strong,  straight;  second- 
aries about  five  pairs,  opposite  or  sometimes 
alternate,  emerging  at  an  angle  of  about  45°, 
curving  a  little  upward  and  joining  below  the 
margin,  thence  giving  rise  to  a  series  of  loops 
which  appear  to  have  branches  entering  the 
teeth;  nervilles  strong,  at  right  angles  to  the 
secondaries,  percurrent. 

This  species  appears  to  be  one  of  the  best- 
characterized  forms  belonging  to  the  Laramie. 
The  matrix  is  a  rather  coarse  sandstone  upon 
which  the  finer  nervation  is  not  well  preserved, 
yet  the  outline  and  more  characteristic  nerva- 
tion are  well  shown.  It  is  represented  by  four 
specimens,  of  which  the  two  figured  ones  are 
the  best.  The  larger  (PI.  XXV,  fig.  4)  is  5.6 
centimeters  long  and  4  centimeters  broad,  and 
the  smaller  (PI.  XXV,  fig.  5)  is  6  centimeters 
long  and  about  3  centimeters  broad.  The 
species  is  especially  characterized  by  the 
winged  petiole,  unequal  base,  fine  teeth  above 
the  middle  of  the  blade,  and  brachidiodrome 
nervation. 

In  nervation  this  species  is  very  similar  to 
Cdasirus  cassinefolivs  Unger,**  but  the  size 
and  shape  are  very  different. 

Occurrence:  Laramie  formation,  Murphy's 
coal  bank,  Ralston  County,  north  of  Golden, 
Colo.;  Erie,  Colo.,  collected  by  N.  L.  Britton, 
1885. 

Celastrlnites  eriensis  Knowlton,  n.  sp. 

Plate  XXVI,  figure  2. 

CeUutrinites  erienns  Knowlton  [nomen  nudum],  U.   S. 
Geol.  Survey  Bull.  696,  p.  152,  1919. 

Leaves  small,  membranaceous,  broadly  oval, 
tapering  from  the  broadest  point  at  the  middle 
regularly  to  an  acute  apex  and  to  a  similar 
base  which  extends  as  a  narrow  wing  to  the 
petiole;  margin  finely  and  sharply  serrate; 
nervation  consisting  of  a  thin  midrib  and  four 
or  five  pairs  of  camptodrome  secondaries; 
remaining  nervation  obsolete. 

This  species  is  founded  on  the  example 
figured,  which  is  3.5  centimeters  long  and  1.7 
centimeters  broad,  with  the  petiole  about  1 
centimeter  long.  The  nervation  is  obscure, 
about  the  only  thing  that  can  be  made  out 
being  the  midrib  and  the  four  or  five  pairs  of 

"  Flora  tertiaria  Helvetiae,  vol.  3,  p.  67,  pi.  121,  figs.  25, 26. 


alternate,  thin  secondaries  which  emerge  at  an* 
acute  angle  and  arch  just  mside  the  borders. 

This  species  is  found  associated  with  and 
may  possibly  belong  to  C.  dlaius,  described 
above.  They  both  have  the  same  serrate 
margin  and  winged  petiole  and  approximately 
the  same  nervation,  but  they  differ  markedly 
in  shape  and  size,  the  leaves  of  C,  alatus  being 
several  times  the  size  of  those  of  C.  erienais  and 
broadly  oblong  instead  of  broadly  lanceolate. 

Occiurence:  Laramie  formation,  Erie,  Colo., 
collected  by  N.  L.  Britton  about  1884. 

Celastrinites  cowanendB  Knowlton,  n.  sp. 

Plate  XVI,  figure  6. 

CeUutrinites  cotvanensis  Knowlton  [nomen  nudum],  U.  S. 
Geol.  Survey  Bull.  696,  p.  152,  1919. 

Leaf  apparently  of  rather  thin  texture, 
elliptical,  probably  about  10  centimeters  in 
length  and  a  little  less  than  5  centimeters  in 
width;  upper  portion  rather  abruptly  rounded 
to  a  short,  obtuse  point  (basal  portion  de- 
stroyed); margin  strongly  toothed,  the  teeth 
rather  sharp;  midrib  very  slender;  secondaries 
about  seven  pairs,  alternate,  thin,  at  an  angle 
of  30°  to  40°,  not  much  curved  upward,  dis- 
appearing before  they  reach  the  margin;  none 
of  the  finer  nervation  preserved. 

Occurrence:  Laramie  formation.  Cowan  sta- 
tion, 10  miles  south  of  Denver,  Colo.,  collected 
by  F.  H.  Knowlton. 

FamUy  ACBSACEAX. 
Negondo  brittoni  Knowlton,  n.  sp. 

Plate  XXVI,  figures  8-10. 

Negundo  brittoni  Knowlton  [nomen  nudum],  U.  S.  Greol. 
Survey  Bull.  696,  p.  405,  1919. 

Leaves  compound,  trifoliate;  terminal  leaflet 
largest,  long-petioled,  broadly  ovate,  rounded 
at  the  base,  obscurely  three-lobed,  the  lateral 
lobes  very  short,  obtuse,  apex  apparently  ob- 
tusely acuminate;  lateral  leaflets  short-peti- 
oled,  oblong,  entire,  slightly  inequilateral;  ter- 
minal leaflet  three-nerved  from  a  point  a  little 
above  the  base,  other  nerves  remote,  opposite, 
effaced  at  the  borders;  lateral  leaflets  with 
about  five  pairs  of  alternate  secondaries,  which 
are  effaced  at  their  extremities;  finer  nervation 
obsolete. 

This  well-marked  species,  which  I  take 
pleasure  in  naming  in  honor  of  its  collector, 
Dr.  N.  L.  Britton,  of  the  New  York  Botanical 
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Garden,  is  based  upon  the  several  examples 
figured.  In  the  larger  specimen  (fig.  10)  the 
whole  leaf  is  about  12  centimeters  long,  in- 
cluding the  petiole,  which  is  3.5  centimeters 
long.  The  terminal  leaflet  appears  to  have 
had  a  petiole  fully  2  centimeters  long,  and  the 
blade  is  about  6  centii^eters  long  and  5  cen- 
timeters broad.  The  lateral  leaflets  have 
petioles  only  about  4  millimeters  long.  The 
one  wholly  preserved  is  5  centimeters  long  and 
3  centimeters  broad.  The  nervation  is  ob- 
scure, and  it  is  possible  to  make  out  only  a  few 
of  the  secondaries. 

The  genus  Negundo  '• — if  it  is  to  be  main- 
tained as  distinct  from  Acer — is  represented  by 
three  living  species,  with  a  number  of  more  or 
less  well-marked  varieties,  and  is  entirely 
North  American  in  distribution. 

Up  to  the  present  time  about  eight  fossil 
species  of  Negundo  have  been  described,  of 
which  three  are  European  and  the  remainder 
American.  Of  these  the  oldest  is  Negundo 
(or  Negundoides)  acutifolia  (Lesquereux)  Pax,*® 
from  the  Dakota  sandstone  of  Kansas  and 
Nebraska,  which  differs  in  having  thin  lanceo- 
late leaflets,  obscure  as  to  their  point  of  attach- 
ment. The  next  younger  species  is  N,  decur- 
rens  Lesquereux,*^  from  the  Denver  formation 
at  Golden,  Colo.  This  species  rests  upon  a 
single  specimen  which  has  not  been  figured, 
but  it  is  regarded  by  Lesquereux  as  being 
closely  allied  to  N,  triloba  Newberry,**  a  species 
found  only  in  the  Fort  Union  near  the  mouth 
of  Yellowstone  River  in  Montana.  Negundo 
trUoha  is  evidently  closely  related  to  the  living 
box  elder  (N,  aceroides)  and  differs  from  N, 
brittonij  the  one  here  described,  in  having  the 
terminal  leaflet  smallest  and  in  all  being 
coarsely  toothed. 

**  There  has  been  much  diacusslon  u  to  the  propriety  of  malDtaining 
Neffundo  sa  8  separate  genus,  and  it  is  probable  that  the  fn'ounds  for  so 
doing  are  Inadequate  from  the  botanist's  point  of  view.  The  box  elders 
appear  to  be  most  closely  related  to  the  red  maples,  with  which  they 
agree  in  having  the  flowers  appearing  before  the  leaves,  and  these  two 
types  are  separated  from  other  maples  by  having  compoimd  instead  of 
lobed  leaves.  If  the  possession  of  compound  leaves  was  confined  to  this 
group  (Neffundo)  it  might  be  best  to  consider  them  generically  separate 
fh)m  Acer,  but  there  is  another,  otherwise  unrelated  group  of  Chinese 
and  Japanese  spedes  with  temate  leaves.  For  paleontologic  purposes 
It  has  been  thought  best  to  retain  the  box  elders  under  Negundo,  though 
recognizing  full  well  the  fact  that  the  basis  for  this  action  is  not  very 
secure. 

M  Pax,  F.,  in  Engler's  Dot.  Jahrb.,  vol.  6,  p.  356,  1885.  Lesquereux, 
Leo,  The  Cretaceous  flora;  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  6,  p.  97, 
pi.  21,  fig.  5. 1874. 

n  Lesquereux,  Leo,  Harvard  Coll.  Mus.  Comp.  Zoology  Bull.,  vol.  16. 
p.  54, 1888. 

«  Newberry,  J.  8.,  U.  9.  Geol.  Survey  Mon.  35,  p.  115,  pi.  31,  fig.  5, 1898. 


The  only  other  American  species,  from  the 
Mascall  formation  of  the  John  Day  Basin^ 
Oreg.,  was  described  under  the  name  Rvlac 
crataegifolium  Knowlton  "  when  it  was  thought 
that  Rvlac  was  the  tenable  name  for  replacing 
Negundo,  This  species  also  rests  on  a  single 
rather  fragmentary  specimen  and,  if  correctly 
interpreted,  has  the  terminal  leaflet  much 
smaller  than  the  lateral  ones;  both  are  sharply 
toothed. 

The  European  forms  are  N.  hohemicum 
Menzel,'*  from  the  Oligocene  of  Sulloditz, 
Bohemia,  and  N  europa^um  Heer  '*  and  N. 
trifoliata  (Al.  Braim)  Al.  Braun,**  from  the 
Miocene  of  Oeningen,  neither  of  which  ap- 
roaches  closely  our  species. 

In  North  America  we  have  the  following 
species,  which,  wh^n  arranged  in  ascending 
geologic  order,  exhibit  what  we  now  know  of 
the  development  of  the  genus: 

Negundo  acutifolia  (Les- 
quereux) Pax Dakota  sandstone. 

Negundo  brittoni  Knowl- 
ton, n.  sp Laramie  formation. 

Negundo  decurrens  Les- 
quereux  Denver  formation. 

Negundo  triloba  Newberry.  .Fort  Union  formation. 

Negundo  crataegifolia 
(Knowlton)  Knowlton,  n. 
comb Miocene. 

Negundo  aceroides  Moench.. Living. 

Occurrence:  Laramie  formation,  Marshall, 
Colo. 

FamUy  SAPINDACSAE. 
Ptstada  eriensis  Knowlton,  n.  sp, 

Plate  XXVIII,  figures  1-4. 

Pistacia  eriensis  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  460,  1919. 

Leaf  compound,  imparipumate,  tri(?)-folio- 
late;  rachis  slender;  leaflets  arising  from  the 
same  point,  the  terminal  one  short-petioled, 
the  lateral  ones  sessile;  leaflets  oblong-lanceo- 
late, acuminate  at  the  apex,  the  terminal  one 
with  a  wedge-shaped  base,  the  lateral  ones  in- 
equilateral in  the  upper  side,  all  entire;  midrib 
of  leaflets  rather  strong:  secondaries  numerous, 
14  to  20  pairs,  mainly  opposite  or  subopposite, 

M  Knowlton,  F.  II.,  U.  S.  (Jeol.  Survey  Bull.  204,  p.  77,  pi.  16,  flg.  7, 
1902. 

"  Naturw.  Gcscll.  Isis,  Bautzen,  Sitzung>l>.  und  Abh.,  1896-07,  p.  52, 
pi.  2,  figs.  8-9. 

»'  Heer,  Oswald,  Flora  tertiaria  Helvotiae,  vol.  3,  p.  60,  pi.  118,  tg». 
20-22,  1889. 

M  Bruckmann,  Dr.,  Ver.  vaterl.  Naturkunde  WOrttembcrg  Jahresb., 
VI.  Jahrg.,  p.  235,  1850. 
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emerging  at  a  low  angle,  camptodrome;  often 
forkixig  at  about  one-third  their  length  from 
the  margin,  curving  just  inside  the  margin  and 
each  joining  the  one  next  above;  additional 
shorter  secondaries  frequently  interspersed  be- 
tween the  principal  ones,  thence  running  one- 
third  or  sometimes  more  than  half  the  distance 
to  the  margin,  becoming  obsolete  or  curving 
downward  and  each  uniting  with  the  secondary 
next  below;  nervilles  strong,  percurrent,  some- 
times crossing  at  right  angles  to  the  second- 
aries, but  oftener  obUque  to  them;  finer 
nervation  mostly  obsolete. 

This  species  is  represented  by  the  examples 
showing  the  compound  nature  of  the  leaves 
and  by  ten  or  more  detached  leaflets.  The 
largest  specimen  with  the  leaflets  attached 
has  a  rachis  3.5  centimeters  long,  and  the 
terminal  leaflet  has  a  petiole  about  6  milli- 
meters long.  All  the  leaflets  in  this  specimen 
are  broken,  but  they  must  have  been  at  least 
5  centimeters  long  and  about  2.5  centimeters 
wide.  In  the  smaller  specimen  in  which  the 
leaflets  are  attached  only  about  5  millimeters 
of  the  rachis  is  preserved,  and  the  petiole  of 
the  terminal  leaflet  is  only  about  2  millimeters 
long.  These  leaflets  are  much  narrower  than 
those  in  the  other  specimen,  the  terminal  one 
being  long,  narrowly  wedge-shaped  at  the 
base,  and  the  lateral  ones  very  much  narrowed 
on  the  upper  side.  They  must,  however, 
belong  to  the  same  species  as  the  larger  one. 

The  numerous  detached  leaflets  all  appear  to 
have  been  lateral  ones,  as  they  are  strongly  in- 
equilateral. Several  of  them  are  hardly  to  be 
distinguished  from  the  lateral  leaflets  in  the 
larger  specimen  mentioned  above. 

Pistacia  eriense  is  obviously  related  to  and 
possibly  identical  with  P,  hoUicki,  described 
below.  They  come  from  the  same  locality  and 
have  many  points  in  common,  the  principal 
difference  being  that  the  leaves  of  P.  erunse  are 
odd-pinnate  and  those  of  P.  hollicki  abruptly 
pinnate.  This  character,  however,  does  not 
hold  in  the  living  species,  as  pointed  out  in  the 
description  of  P.  hollicki^  but  I  have  decided 
to  keep  them  separate,  provisionally,  even  on 
the  slight  grounds  mentioned.  There  are  also 
minor  differences  in  size  and  nervation. 

Occurrence:  Laramie  formation,  Erie,  Colo. 


Plstedm  hoUkU  Knowtton,  &•  ap. 

Plate  XXVIII,  figures  6,  6. 

Pittaeia  hollicki  Knowlton  [nomen  nudum],  U.  S.  €reol. 
Survey  BuU.  696,  p.  460,  1919. 

Leaves  compound,  abruptly  pinnate;  rachis 
slender;  leaflets  nearly  sessile,  oblong-lanceo- 
late, entire,  inequilateral  on  the  upper  side,' 
slightly  rounded  or  wedge-shaped  at  the  base, 
abruptly  acuminate  at  the  apex;  midrib  of 
leaflets  strong,  secondaries  numerous,  10  to  12 
pairs,  alternate,  emerging  at  a  low  angle, 
craspedodrome,  frequently  forking  near  the 
margin,  which  they  enter;  tertiaries  usually 
midway  between  the  secondaries,  slender,  run- 
ning halfway  to  the  margin  and  disappearing 
or  bending  downward  and  each  joining  the 
secondary  next  below;  nervilles  rather  strong, 
percurrent,  running  obliquely  between  the 
secondaries;  finer  nervation  not  retained. 

This  beautiful  species  is  represented  by  three 
specimens  and  seven  or  eight  leaflets,- all  well 
preserved.  The  larger  example  has  the  rachis 
preserved  for  2.5  centimeters.  The  terminal 
leaflets  are  sessile  and  exactly  opposite.  They 
are  very  inequilateral,  the  upper  side  near  the 
base  being  reduced  quite  to  the  midrib.  They 
appear  to  have  been  about  3.5  centimeters  long 
and  are  about  1.5  centimeters  wide  in  the 
broadest  part,  which  is  above  the  middle. 
The  lateral  leaflet  is  7  millimeters  below  the 
terminal  ones  and  has  a  petiole  scarcely  1  mil- 
limeter long.  It  is  more  nearly  oblong-lan- 
ceolate and  is  3.5  centimeters  long  and  13 
millimeters  wide.  Like  the  terminal  ones,  it 
is  inequilateral,  but  not  to  the  same  extent. 

The  other  example  figured  has  three  leaflets 
preserved,  but  the  point  of  their  attachment 
can  not  be  made  out.  They  are  shorter  than 
those  of  other  specimens,  being  only  3  centi- 
meters long.  They  have  the  same  nervation 
as  the  others. 

It  is  with  considerable  certainty  that  these 
leaves  are  referred  to  the  genus  Pistacia ^  for 
in  the  manner  of  arrangement  and  shape  of 
leaflets  and  nervation  they  approach  closely 
certain  living  species  of  the  genus.  In  the 
abruptly  pinnate  character  of  the  leaves,  as 
well  as  in  the  shape  of  the  leaflets,  they  are 
similar  to  P.  lentiscus  Linn6,  a  species  of 
southern  Europe.    They  approach  more  closely. 
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however,  some  of  the  abruptly  pinnate  leaves 
of  P.  mutica  Frick  and  Meyer,  also  from 
southern  Europe.  Most  of  the  leaves  of  P. 
mutica  are  odd-pinnate,  at  least  on  the  speci- 
men preserved  in  the  herbarium  of  the  United 
States  National  Museum,  yet  now  and  then 
one  is  found  which  is  abruptly  pinnate.  They 
have  the  same  shape  and  arrangement  as  ob- 
served in  the  fossil.  The  nervation  is  also 
strikingly  like  that  of  the  fossil  species. 

I  have  not  been  able  to  see  the  only  American 
species  of  the  genus — P,  mexicana  Humboldt, 
Bonpland,  and  Kunth,  of  Mexico  and  possibly 
southern  Texas,  but  it  is  described  as  having  a 
winged  petiole  and  must  differ  considerably 
from  the  fossil  under  consideration. 

A  number  of  fossil  species  of  Pietacia  have 
been  described,  all  of  which  differ  more  or  less 
from  P.  JioUicJci.  Thus,  P.  bohemica  Ettings- 
hausen,'^  from  Bilin,  has  much  the  same  shape 
but  is  twice  as  large  and  differs  in  nervation. 
Certain  of  the  detached  leaflets  of  P,  miocenica 
Saporta,"  from  the  ''Bassin  de  Marseille,"  are 
very  much  like  the  lateral  leaflets  of  P.  hoUickij 
though  broader  and  somewhat  less  inequi- 
lateral. The  other  described  fossil  species  ap- 
proach the  living  P.  lerUiacus,  Linn6  or  P. 
terebirUhinus  Ldnn6. 

I  have  ventured  to  name  this  species  in  honor 
of  Dr.  Arthur  Hollick,  in  partial  recognition  of 
his  kindness  in  placing  this  material  at  my 
disposal. 

Occurrence:  Laramie  formation,  Erie,  Colo., 
collected  by  N.  L.  Britton  about  1885. 

FamUy  HJCACEAE. 
Dez  laramlensis  Knowlton,  n.  sp. 

Plato  XXIV,  figures  4-7. 

Ilex  laramienns  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  326,  1919. 

Leaves  coriaceous,  oval,  rounded  at  the  base, 
acute  at  the  apex,  the  margin  provided  with 
scattered,  upward-pointing,  spiny  teeth;  mid- 
rib rather  slender;  secondaries  four  or  five  pairs, 
alternate,  open,  camptodrome,  arching  some 
distance  inside  the  margin  and  each  joining  the 
one  next  above,  with  branches  from  the  outside 
entering  the  teeth;  nervilles  obscure  but  ap- 
parently percurrent. 

»  Die  foaslle  Flora  dos  TertUlibeckens  von  Bilin:  K.  Akad.  WLss.  Wien 
Denkschr.,  vol.  29,  p.  A9,  pi.  50,  tig.  25, 1860. 

u  Annales  sci.  nat.,  5th  ser.,  Botanique,  vol.  9,  p.  184,  pi.  6,  flgs.  4-6, 
1868. 


These  well-characterized  leaves  are  broadly 
oval,  3.5  centimeters  long  and  about  2  to  2.5 
centimetere  wide.  The  margin  is  remotely 
spiny-toothed  above  the  lower  third  of  the 
blade,  the  teeth  pointing  upward  and  separated 
by  rounded  sinuses.  The  camptodrome  second- 
aries have  outside  branches  entering  the  teeth,  a 
well-known  character  of  the  genus  Ilex. 

There  can  be  little  or  no  question  of  the  cor- 
rectness of  referring  these  leaves  to  Ilex. 
Among  the  several  living  species  they  un- 
doubtedly approach  most  closely  /.  opaea 
Aiton,  the  well-known  holly  of  the  eastern 
United  States.  This  living  species  differs  in 
having  the  spiny  teeth  outward-pointing  and  in 
having  more  numerous  secondaries.  The  camp- 
todrome arrangement  of  the  secondaries  with 
the  branches  entering  the  teeth  is  very  like  the 
arrangement  in  the  fossil  under  consideration. 

Among  fossil  forms  the  present  one  has  some 
resemblance  to  Ilex  querdfolia  Lesquereux,*' 
from  Florissant,  Colo.,  which,  however,  differs 
in  being  obovate,  with  irregular  teeth  and  more 
numerous  secondaries,  which  enter  the  teeth 
directly. 

Occurrence:  Laramie  formation,  Erie,  Colo., 
collected  by  N.  L.  Britton  about  1885. 

Order  BHAMNALBS. 
FamUy  BHAMNACEAS. 

Ceanothus  eriensls  Knowlton,  n.  sp. 

Plate  XXVI,  figures  3-6'. 

Ceanothus  eriensis  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  151,  1919. 

Leaves  evidently  thick  and  coriaceous, 
elliptical  or  broadly  oval,  rather  abruptly 
rounded  to  the  base  and  in  about  equal  degree 
to  the  obtuse  or  abruptly  acuminate  apex; 
margin  entire  for  lower  third,  then  finely 
serrate;  nervation  craspedodrome,  consisting 
of  a  strong,  straight  midrib  and  three  or  four 
pairs  of  strong,  opposite  or  subopposite  second- 
aries, the  lower  pair  nearly  as  strong  as  the 
midrib  and  arising  at  or  very  near  the  base  of 
the  blade,  each  of  the  lower  secondaries  with 
three  or  four  rather  remote,  occasionally 
forking  branches  on  the  lower  side;  the  lower 
pair  of  secondaries,  which  arise  at  an  angle 
of  about  45°,  pass  upward  for  a  little  more  than 

»  Lodqueroiix,  Loo,  The  Crotaceous  and  Tertiary  floras:  U.  8.  Oeol. 
Survey  Terr.  Rept..  vol.  8,  p.  188,  pi.  38,  figs.  2-5, 1883. 
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half  the  length  of  the  blade  and  end  in  the 
margin,  as  do  all  the  branches;  upper  pairs  of 
secondaries  dividing  the  blade  into  two  or 
three  approximately  equal  divisions,  arising  at 
a  slightly  more  acute  angle  than  the  lower  pair 
and  terminating  in  the  margin,  the  lower  pair 
with  one  or  two  branches  on  the  lower  side; 
nervilles  rather  faint,  percurrent,  and  at  right 
angles  to  the  midrib. 

This  species  is  represented  by  eight  or  ten 
more  or  less  perfect  examples,  four  of  which 
have  been  figured.  They  range,  so  far  as  can 
be  made  out,  from  4.5  to  about  5.5  centimeters 
in  length  and  from  3  to  4  centimeters  in 
width.  They  are  elliptical  or  broadly  oval, 
with  a  rounded  base  and  an  apex  which  is 
similarly  rounded  to  an  abruptly  acuminate 
point.  Each  specimen  has  three  or  four 
pairs  of  secondaries,  the  lowest  of  nearly  the 
same  size  as  the  midrib  and  emerging  at  the 
top  of  the  petiole  and  bearing  thi^ee  or  four 
branches  on  the  lower  side,  while  the  other 
secondaries  are  remote  and  simple  or  once  or 
twice  branched.  The  margin  is  finely  serrate 
from  a  point  one-third  or  more  above  the 
base. 

There  is  considerable  uncertainty  as  to  the 
proper  generic  reference  for  these  little  leaves. 
They  have,  for  example,  the  same  size,  shape, 
and  superficial  appearance  as  Ficus  plani- 
castata  Ijesquereux,*®  but  they  differ  at  once 
in  the  serrate  margin  and  craspedodrome 
instead  of  camptodrome  nervation.  The 
broader  forms  have  also  some  resemblance 
to  Cisaxis  lobatO'Creruita  Lesquereux,^  but 
that  species  differs  in  having  an  irregularly 
toothed  margin  and  a  different,  looser  nerva- 
tion. Morus  italica  Massalongo,"  from  the 
Italian  Tertiary,  is  very  suggestive  of  this 
species  but  differs  in  being  five  instead  of 
three  ribbed  from  the  base  and  in  minor 
details  of  nervation.  At  one  time  it  was 
thought  that  these  specimens  should  be  re- 
ferred to  Viburnumy  as  certain  of  the  more 
rounded  forms  hav^  the  shape  and  much  the 
nervation  of  V.  diehotomum  Lesquereux,**  but 
that  species  differs  in  having  more  prominent 
teeth  and  a  markedly  flexuose  midrib.     Sev- 

« Lesquereux,  Leo,  The  Tertiary  flora:  U.  8.  Qeol.  Survey  Terr. 
Rept.  vol.  7,  pi.  31,  flgs.  3,  4,  5,  etc.,  Ig7^ 

« Idem,  pi.  41,  fig.  3. 

*  Synopiis  florae  foasilis  senogalliensis,  pis.  10-11,  fl<.  10,  I8W. 

"Lesquereux,  Leo,  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr. 
Rept,  VOL  7,  pi.  88,  fig.  6,  1878. 


eral  of  the  broader  forms  approach  V.  Idkesii 
Lesquereux  ^*  in  the  configuration  of  the  base, 
but  that  species  differs  in  being  three-lobed 
and  in  having  a  different  branching  of  the 
lower  secondaries.  Among  living  species  of 
Viburnum  this  much  resembles  F.  dUatatum 
Thunberg,  from  Japan,  which  has  the  shape 
and  dentition  but  differs  in  having  eight  or 
more  pairs  of  secondaries.  From  F.  dentatum 
Linn6  it  is  also  distinguished  by  much  the 
same  characters. 

But,  all  things  considered,  it  seems  best  to 
refer  this  form  to  CeanothuSj  as  it  is,  for  in- 
stance, very  similar  to  certain  of  the  rounder- 
leaved  forms  of  the  living  C.  americanua  Lixm6, 
and  more  especially  to  a  form  presimied  to  be 
a  hybrid  of  this,  known  as  C,  azureuSj  culti- 
vated in  the  parks  at  Washington,  D.  C.  All 
the  fossil  leaves,  however,  appear  to  be  more 
nearly  elliptical  than  either  of  the  above- 
mentioned  forms.  The  marginal  teeth  are 
similar  to  those  in  the  living  species  except  that 
they  do  not  occur  on  the  lower  third  of  the 
blade.  This  species  differs  from  C.  dzvreus  in 
its  larger  size,  more  rounded  form,  serrate 
margin,  and  craspedodrome  nervation. 

Occurrence:  Laramie  formation,  Erie,  Colo., 
collected  by  N.  L.  Britton  about  1885. 

Ceanothiis  ovatifoliiis  Knowlton,  n.  sp. 

Plate  XXV,  %ure  3. 

CeanothiLB  ovatifolitts  Knowlton  [nomen  nudum],  U.  S. 
Geol.  Survey  Bull.  696,  p..  151, 1919. 

Leaf  cimeate-ovate,  3  centimeters  long,  1.5 
centimeters  wide,  long  wedge-shaped  at  the 
base,  rather  abruptly  acuminate  at  the  apex; 
margin  entire;  nervation  camptodrome,  of 
about  five  pairs  of  opposite  or  subopposite 
secondaries,  the  lower  pair  arising  from  the 
very  base  just  at  the  margin  of  the  blade, 
thence  running  up  for  nearly  two-thirds  the 
length  of  the  leaf  and  there  joining  the  third 
pair  of  secondaries,  which  in  turn  arch  to  the 
pair  next  above,  the  whole  forming  a  line  just 
inside  the  border;  finer  nervation  not  pre- 
served. 

This  leaf,  which  is  the  only  one  foimd  in  the 
collection,  is  referred  with  considerable  cer- 
tainty to  the  genus  Ceanothus,  being  in  shape 
quite  like  the  living  C.  ovaius  Desfontaines  or 
C.  velutinus  Hooker   and   in  nervation  strik- 

M  Idem,  pi.  87,  fl«.  13, 1878. 
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ingly  like  certain  of  the  leaves  of  C,  americana 
Liim6.  In  C.  americana  the  lowest  pair  of 
secondaries  arises  at  the  extreme  lower  limit 
of  the  blade  outside  the  parenchyma,  and  as 
they  are  of  the  same  strength  as  the  midrib  the 
leaf  appears  triple-nerved.  In  the  fossil  leaf 
the  lowest  pair  of  secondaries  arises  in  the  same 
manner,  but  they  are  not  quite  so  strong  as  the 
midrib,  thus  producing  less  of  the  triple-nerved 
appearance.  This  lower  pair  does  not  seem 
to  be  branched  on  the  outside,  as  in  the  living 
C.  americana,  but  the  leaf  is  preserved  on  a 
coarse-grained  sandstone;  none  of  the  finer 
nervation  can  be  made  out.  The  first  pair  of 
prominent  secondaries  above  the  base  is  about 
in  the  middle  of  the  leaf. 

Occurrence:  Laramie  formation,  Mount  Car- 
bon, Morrison,  Colo.,  sandstone  near  coal  seam, 
collected  by  Arthur  Lakes,  June,  1890. 

Rhamnns  goldianus?  Lesquereuz. 

Plate  XVIII,  fig:ure  3. 

Rhamnns  goldianus  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1872,  p.  381,  1873;  idem 
for  1873,  p.  405, 1874;  idem  for  1876,  p.  517, 1878; 
Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol. 
7,  p.  281,  pi.  53,  figs.  4-8,  1878. 

The  collection  from  the  wooded  blujff  just 
south  of  the  station  at  Marshall,  Colo.,  contains 
the  single  fragmentary  specimen  here  figured. 
It  seems  to  be  identical  with  some  of  the 
smaller  leaves  referred  to  Rhamnns  goldianus^ 
but  the  base  and  all  the  sides,  except  a  minute 
portion,  are  lacking,  and  the  identification  can 
not  be  positive.  It  is  a  Denver  species  and  has 
not  before  been  reported  from  the  Laramie. 

Occurrence:  Laramie  formation,  Marshall, 
Colo.,  wooded  bluff  just  south  of  station  and  the 
highest  point  in  the  section,  collected  by  A.  C. 
Peale.    Denver  formation.  Golden,  Colo. 

Rhamnus  salicifoUus  Lesquereox. 

Plate  XV,  figure  4;  Plate  XIX,  figure  2b. 

Rhamnus  salicifoUus  Lesqueroux,  Am.  Jour.  Sci.,  2d  ser., 
vol.  46,  p.  206,  1868;  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1869  [reprint,  1873],  p.  196;  idem 
for  1872,  p.  4(K),  1873;  idem  for  1873,  p.  382,  1874; 
idem  for  1876,  p.  517,  1878;  Tertiary  flora:  U.  S. 
Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  282,  pi.  53,  figs. 
9,  10,  1878. 
KnoArlion,  IT.  S.  Geol.  Survey  Bull.  163,  p.  70,  1900. 

This  species  was  first  named  from  specimens 
obtaineil  in  the  Marshall  coal  mine,  Boulder 


County,  Colo.  The  type  specimen  is  the 
original  of  figure  9,  Plate  LIII,  of  the  **  Tertiary 
flora"  and  is  No.  446  of  the  United  States 
National  Museum  collection,  though  unfor- 
tunately it  can  not  be  found  at  present.  There 
is  in  its  place  another  specimen  with  the  same 
number  which  may  have  been  the  counterpart 
of  the  one  figured,  although,  as  it  is  very  frag- 
mentary, it  is  impossible  to  be  certain  of  this. 
It  is  exactly  like  Lesquereux's  figure  9  in  its 
characters,  at  least  so  far  as  can  be  made  out, 
and  is  preserved  in  the  whitish  sandstone 
characteristic  of  the  locality. 

The  other  figured  type  ("Tertiary  flora,"  PL 
LIII,  fig.  10)  is  said  byLesquereux  to  have 
come  from  Black  Buttes,  Wyo.,  where  it  was 
obtained  by  Meek,^^  but  as  the  United  States 
National  Museum  catalogue  of  fossil  plants 
made  up  by  Lesquereux  does  not  record  the 
species  from  Black  Buttes,  this  is  probably  an 
error.  As  the  original  type  of  this  figure  can 
not  be  found  among  specimens  of  this  species 
from  any  other  locality,  it  must  be  ignored  until 
it  is  found  or  is  again  collected  from  the  local- 
ity mentioned. 

The  United  States  National  Museum  cata- 
logue records  a  specimen  from  Golden,  Colo., 
which  is  evidently  the  one  referred  to  by 
Lesquereux  in  the  Hayden  report  for  1872, 
page  382.  It  is  No.  837a  and  is  preserved  on 
the  same  stone  with  Salix  integra  Goppert  (No. 
837).  The  matrix  is  a  hard,  fine-grained 
wjhitish  sandstone,  not  unlike  that  from  Mar- 
shall, and  undoubtedly  belongs  to  the  true 
Laramie. 

A  specimen  of  Rhammus  salicifoUus  is  also 
recorded  from  the  roof  of  a  coal  mine  on  Sand 
Creek,  Colo.  This  example  (No.  935)  bears  the 
imprint  of  two  leaves  which  are  much  larger 
than  the  figured  specimens,  being  11  or  12 
centimeters  long  and  4  or  5  centimeters  wide, 
whereas  the  largest  type  as  figured  is  9.5  centi- 
meters long  and  only  2  centimeters  wide.  It  is 
possible  that  this  should  be  referred  to  a  new 
species. 

The  material  from  Cowan  station  contains 
several  specimens  that  appear  to  belong  to  this 
species,  especially  the  one  shown  in  figure  4, 
Plate  XV.  This  is  indistinguishable  from  the 
type  specimen  (Lesquereux's  fig.  9),  from 
Marshall. 


«  U.  8.  (?eoI.  and  Geog.  Survey  Terr.  Ann.  Rept.  for  1872,  p.  400, 1873. 
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There  are  several  other  leaves  that  have  the 
same  shape  and  nervation  as  those  described 
above  but  are  considerably  larger.  They  are 
referred  to  R.  salidfoliiis,  though  they  may  rep- 
resent a  closely  related  form. 

Occurrence:  Laramie  formation,  Marshall, 
Boulder  Coun,ty,  Colo,  (type) ;  Cowan  station,  10 
miles  south  of  Denver,  Colo.,  collected  by  F.  H. 
Ejiowlton;  cut  on  Moffat  raikoad  (Denver  & 
Salt  Lake),  collected  by  A.  C.  Peale,  1908. 
Dawson  arkose,  Templeton  Gap,  4  miles  north- 
east of  Colorado  Springs,  Colo.,  collected  by 
A.  C.  Peale,  1908.  Vermejo  formation,  Canon 
City  field  (Rockvale) ,  Colo.,  collected  by  George 
Hadden;  2  miles  west  of  Trinidad,  Colo.,  col- 
lected by  G.  B.  Richardson.  Mesaverde  for- 
mation, near  Harper  Station,  Wyo.;  near  the 
Van  Dyke  coal.  Rock  Springs,  Wyo.,  collected 
by  F.  H.  Knowlton  and  T.  W.  Stanton,  1896. 

RhamniuBi  minntus  Knowlton,  n.  sp. 

Plate  XVII,  figure  2. 

Rhamntu  mintUtu  Knowlton  [nomen  nudum],  U.S.  Geol. 
Survey  Bull.  696,  p.  548,  1919. 

Leaf  very  small  (2  centimeters  long,  6  milli- 
meters wide)  but  of  firm,  perhaps  coriaceous 
texture,  lanceolate,  rather  wedge-shaped  at 
the  base,  and  obtusely  acuminate  at  the  apex; 
margin  entire  but  slightly  undulate;  nervation 
strong, '  consisting  of  a  very  thick  midrib  and 
six  pairs  of  alternate  secondaries,  which  are 
considerably  curved  upward  and  apparently 
enter  the  margin;  nervilles  fairly  numerous, 
unbroken,  and  approximately  at  right  angles 
to  the  secondaries. 

The  nearly  perfect  little  leaf  figured  is  the 
only  one  observed.  It  appears  to  be  most 
closely  related  to  Rhamnus  salicifolius  Les- 
quereux  and  may,  indeed,  be  only  a  small  leaf 
of  that  species.  The  slightly  undulate  margin 
and  the  nervilles  at  right  angles  instead  of 
oblique  to  the  secondaries  are  apparent  differ- 
ences. 

Occurrence:  Laramie  formation,  Erie,  Colo. 

Rhamnus  marshallensis  Knowlton,  n.  sp. 

Plate  XV,  figure  3. 

RhamnuB  marshallensis  Knowlton  [nomen  nudiun],  U.  S. 
Geol.  Survey  Bull.  696,  p.  547,  1919. 

Leaf  small,  linear-lanceolate,  rounded  and 
obtuse  at  the  base  (apex  not  seen);  margin 
entire;  midrib  very  strong,  straight;  second- 


aries numerous,  probably  about  12  pairs,  close, 
parallel,  little  curved  upward,  just  reaching 
the  border;  nervilles  numerous,  mainly  un- 
broken, approximately  at  right  angles  to  the 
midrib. 

The  little  leaf  figured  is  all  that  was  ob- 
served of  this  form.  It  was  probably  about 
5  centimeters  long  and  is  evenly  1  centimeter 
wide  nearly  throughout. 

This  species  appears  to  be  most  closely 
related  to  Rhamnus  salicifolius  Lesquereux, 
from  which  it  differs  in  its  smaller  size,  rounded 
instead  of  wedge-shaped  base,  and  more  nu- 
merous secondaries. 

Occurrence:  Laramie  formation,  wooded 
bluff  south  of  Marshall,  Colo.,  collected  by 
A.  C.  Peale,  1908. 

Rhamnii8  belmontensis  Knowlton  and  CockereU. 

Rhamnus  helmontensis  Knowlton  and  CockereU,  U.  S. 

Geol.  Survey  Bull.  696,  p.  &44, 1919. 
Rhamnus  eUgana  Newberry,  New  York  Lye.  Nat.  Hist. 

Annals,  vol.  9,  p.  49,  1868;  U.  S.  Geol.  Survey 

Mon.  35,  p.  117,  pi.  50,  fig.  2,  1989. 

This  fine  species  has  been  well  described 
and  figured  by  Newberry.  At  the  time  it  was 
named  (1868)  it  was  said  to  have  come  from 
'^  Miocene  sandstone,  Belmont,  Colo./'  a  state- 
ment which  reflects  the  opinion  current  at  the 
time  that  all  the  coal  of  the  West  was  of 
Tertiary  age.  When  it  was  figured  in  1898, 
however,  it  was  said  to  be  from  the  "  Cretaceous 
(Laramie  group),  Belmont,  Colo.,''  a  state- 
ment which  again  reflects  the  opinion  of  the 
time.  A  question  arose  as  to  the  exact 
location  of  ''Belmont,  Colo."  No  town  of 
this  name  could  be  located  on  any  available 
map  of  the  State,  and  it  was  suggested  by 
Prof.  Junius  Henderson,  of  Boulder,  Colo., 
to  whom  an  appeal  was  made,  that  it  might 
possibly  be  a  corruption  of  "Valmont,"  where 
the  Laramie  is  present.  Quite  by  accident 
it  was  discovered  that  Belmont  was  the  older 
nitme  for  Marshall,  as  shown  by  the  following 
quotation  from  Hayden's  discussion  of  the 
region:**  **  In  the  Boulder  Valley  the  Tertiary 
coal  beds  are  enormously  developed.  The  Bel- 
mont or  Marshall's  coal  and  iron  mines,  on 
South  Boulder  Creek  *  *  *.''  This  species 
has  not  been  detected  in  any  of  the  recent 
collections  from  Marshall  or  elsewhere  in  the 


M  U.  S.  Oeol.  and  Oeog.  Survey  Terr.  Third  Ann.  Rept.  (reprint, 
1873)»  p.  129. 
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Laramie.  It  rather  closely  resembles  Rham- 
nuaf  wiUiardi  Knowlton/^  from  the  Fox  Hills 
sandstone  of  the  Greeley  quadrangle,  Colo. 
That  species  is  a  little  smaller  and  not  quite 
so  truncate  at  the  base,  but  in  nervation  there 
appears  comparatively  little  difference.  The 
type  specimen  of  R.  belmontensisy  however, 
which  is  preserved  in  the  United  States 
National  Museum  (No.  10958),  presents  an 
entirely  different  aspect.  The  nervation  is 
very  thin  and  delicate,  and  the  nervilles  are 
made  out  with  much  difficulty.  Notwith- 
standing the  agreement  between  the  leaves  in 
outline,  disposition  of  nervation,  etc.,  it  is 
impossible  to  believe  that  the  two  could  belong 
to  the  same  species. 

Occurrence:  Laramie  formation,  Marshall 
(formerly  Belmont),  Colo. 

Rhamnus  brittoni  Knowlton,  n.  sp. 

Plate  XV.  fifirure  6;  Plate  XXIV,  figure  8. 

Rhamnus  brittoni  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696.  p.  544.  1919. 

Ijeaves  rather  stiff  and  evidently  coriaceous, 
lanceolate,  8  or  10  centimeters  long,  «3  or  4 
centimeters  wide,  apparently  obtusely  wedge- 
shaped  at  the  base,  long-pointed  and  sharply 
acuminate  'at  the  apex,  broadest  about  one- 
third  the  length  of  the  blade  above  the  base; 
margin  entire;  midrib  moderately  strong,  per- 
fectly straight;  secondaries  relatively  strong, 
numeroas  (about  14  pairs),  close,  parallel,  at 
an  angle  of  about  50®,  very  little  curved  up- 
ward, ending  in  the  margin;  nervilles  very 
numerous,  close,  parallel,  mainly  unbroken, 
oblique  to  the  secondaries. 

The  nearest  relative  of  this  species  appears 
to  be  Rhamnus  degans  Newberry  **  (now 
R.  hdmontensis)  y  from  the  Laramie  at  Belmont, 
now  Marshall,  Colo.,  with  which  it  agrees 
closely  in  size  and  shape  but  differs  in  the  more 
numerous  close,  parallel  secondaries,  which 
are  but  little  curved  upward.  The  nervilles 
are  much  the  same  in  both. 

This  species  is  also  related  to  Rhamnus 
salicifolius  Lesquereux*'  but  is  much  broader 
and  has  more  numerous  secondaries,  which  are 
at  a  lower  angle  of  divergence  with  the  midrib; 
the  nervilles  are  about  the  same  in  both. 

«  Knowlton,  F.  H.,  The  flora  of  the  Fox  Hilb  sandstone:  U.  S.  Geol. 
Survey  Prof.  Paper  08,  p.  91,  pi.  16,  figs.  1,  2,  pi.  17,  figs.  1-4, 1916. 

«  Newberry,  J.  S.,  U.  S.  Geol.  Survey  Mon.  36,  p.  117,  pi.  CO,  fig.  2, 1808. 

•  Lesquereux,  Leo,  The  Tertiary  flora:  U.S.  Geol.  Survey  Terr.  Rept., 
vol.  7,  p.  282,  pi.  53,  figs.  0,  10, 1878. 


Occurrence:  Laramie  formatiou,  Erie,  Colo., 
collected  bv  N.  L.  Britton,  in  whose  honor  the 
species  is  named. 

Rhamniui?  pealei  KnowHon,  n.  sp. 

Plate  XV,  fig:ure  7. 

Rhamniuf  pealei  Knowlton  [nomen  nudum],  U.  8.  Geol. 
Survey  Bull.  696,  p.  548,  1919. 

I^af  evidently  rather  thick,  ovate-elliptical, 
unequal  sided,  base  truncate  on  one  side, 
wedge-shaped  on  the  other,  apex  obtusely 
acuminate;  margin  apparently  entire;  midrib 
relatively  very  thick;  secondaries  10  or  12 
pairs,  alternate,  strong,  neariy  at  right  angles 
near  the  base  on  one  side,  others  gradually  at  a 
more  acute  angle,  camptodrome;  nervilles 
numerous  and  prominent,  mainl}'  broken  and 
oblique  to  the  secondaries. 

In  the  specimen  figured  nearly  all  of  the 
margin  is  lacking,  but  so  far  as  can  be  made  out 
it  was  perfectly  entire.  This  leaf  is  7  centi- 
meters long  and  a  little  over  3  centimeters 
broad;  it  is  very  regular  in  dize  from  the  un- 
equal-sided base  to  about  the  upper  fourth  of 
its  length,  where  it  narrows  to  the  rather 
obtusely  pointed  apex. 

Occurrence:  Laramie  formation,  cut  on 
Moffat  railroad  (Denver  &  Salt  Lake)  about 
6  or  8  miles  north  of  Golden,  Colo.,  collected  by 
A.  C.  Peale,  for  whom  it  is  named. 

Rhamnus  sp. 

Plate  XVII,  figure  1. 

In  the  material  from  Popes  Bluffs,  near 
Pikeview,  Colo.,  was  foimd  the  single  fragmen- 
tary leaf  here  figured.  It  was  apparently 
about  4  centimeters  long  and  2  centimeters 
wide,  with  entire  margin  and  a  rather  abruptly 
rounded  and  obtuse  apex;  the  base  is  destroyed. 
It  has  a  very  thick  midrib  and  at  least  10  pairs 
of  light  camptodrome  secondaries.  The  most 
marked  feature  of  this  little  leaf  consists  of  the 
nervilles,  which  are  very  numerous,  mainly 
forked  or  broken,  and  oblique  to  the  second- 
aries. 

This  leaf  is  at  once  suggestive  of  either 
Rhamnus  clebumi  Lesquereux  or  Rhamnus 
goldianus  Lesquereux,  both  well-known  Den- 
ver species,  but  it  is  smaller  than  either,  though 
approaching  R.  goldianus  most  closely.  In  the 
nervation,  except  for  size,  it  is  not  different 
from  either  of  these  species. 
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Rhamnus  debumi  was  reported  by  Les- 
quereux  "  from  the  Laramie  at  the  old  France- 
ville  mine,  near  Colorado  Springs,  but  it  is  not 
foimd  in  the  recent  collections  from  that  place. 
The  present  leaf  from  Popes  Bluffs  is  hardly 
one-fourth  the  size  of  the  ordinary  leaves  of 
this  species  and,  moreover,  differs  in  shape, 
being  narrower.  The  absence  of  the  basal  por- 
tion makes  it  impossible  to  decide  whether  to 
assign  this  leaf  to  Rhamnus  debumi  or  to 
Rhamnus  goldianus,  and  the  most  that  can  be 
said  is  that  the  present  specimen  is  of  the 
same  type  as  these  species.  Its  smaller  size 
and  narrower  outline  suggest  that  it  probably 
is  neither  of  these  species,  though  obviously 
allied. 

Occurrence:  Laramie  formation,  Popes 
Bluffs,  west  of  Pikevi^w,  Colo.  (sec.  14,  T.  13 
S.,  R.  67  W.),  collected  by  A.  C.  Peale  and 
M.  I.  Goldman,  1908. 

PaHanu  itzyphoides  Lesquereux? 

Paliums  tizyphoides  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1872,  p.  397,  1873; 
Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  7,  p.  274,  pi.  61,  figs.  1-6,  1878. 

This  form  was  established  on  material  from 
Black  Buttes,  Wyo.,  a  part  of  which,  at  least, 
is  still  in  the  collections  of  the  United  States 
National  Museum  (cf.  No.  416a).  In  the  same 
connection  Lesquereux  wrote  as  follows:  '*The 
same  species,  represented  by  a  smaller  leaf, 
has  been  found  at  Erie.*'  The  Museum  collec- 
tion does  not  contain  a  specimen  from  Erie, 
nor  has  this  form  been  noted  in  any  of  the 
recent  collections  from  that  place,  and  it  is 
consequently  questioned  as  a  Laramie  species. 

Occurrence:  Post-Laramie  (in  my  opinion), 
Black  Buttes,  Wyo.  (types).  Laramie  forma- 
tion(?),  Erie,  Colo. 

Zizyphus  coloradensis  Knowlton,  n.  sp. 

Plate  XV,  figure  5. 

Zuypku$  coloradensis  Knowlton  [nomen  nudum],  U.  S 
Geol.  Survey  Bull.  696,  p.  660,  1919. 

Leaf  apparently  rather  thin  in  texture,  ellip- 
tical or  slightly  ovate-elliptical,  obtusely  wedge- 
shaped  at  the  base,  apparently  about  the  same 
shape  at  the  apex;  margin  entire  below,  pos- 
sibly slightly  toothed  above;  five-ribbed,  the 

» Lesqaereuz,  Leo,  U.  8.  Geol.  anl  Geog.  Survey  Terr.  Ann.  Rept. 
for  1873,  p.  203, 1S74. 

85344—22 ^11 


central  or  midrib  stronger  than  the  others,  ap- 
parently with  two  or  three  secondaries  high 
in  the  upper  part;  inner  pair  of  ribs  nearly  as 
strong  as  the  midrib,  passing  up  well  toward 
the  apex  of  the  blade;  lower  or  outside  ribs 
slender,  possibly  arising  from  the  basal  portion 
of  the  inner  ribs,  not  reaching  for  more  than 
half  the  length  of  the  blade;  all  finer  nervation 
effaced. 

Only  a  single  specimen  of  this  form  has  been 
found,  and  this  has  lost  much  of  the  apical 
portion.  It  was  presumably  about  6  centi- 
meters long  and  2.5  centimeters  wide.  It  is 
preserved  on  a  very  soft  sandstone,  and  not 
many  of  the  details  of  nervation  can  be  made 
out  except  the  ribs. 

This  species  may  be  only  a  small,  narrow  leaf 
of  Zisfyphus  hendersoni,  but  it  appears  to  be  a 
thinner  leaf  and  is  possibly  toothed  in  the 
upper  portion.  It  has  also  some  resemblance 
to  Zizyphus  cinnamjommdea  Lesquereux,"  from 
the  Green  River  formation,  but  the  latter  is 
smaller,  strongly  toothed  nearly  to  the  base, 
and  only  three-ribbed. 

Occurrence:  Laramie  formation.  Popes  BluflFs, 
west  of  Pikeview,  Colo.  (sec.  14,  T.  13  S.,  R.  67- 
W.,)  collected  by  A.  C.  Peale  and  M.  I.  Gold- 
man, 1908. 

ZizyphuB  hendersoni  Knowlton,  n.  sp. 

Plate  XV,  figures  1,  2. 

Zizyphus  hendersoni  Knowlton  [nomen  nudum],  U.   8. 
Geol.  Sur\'ey  Bull.  696,  p.  660,  1919. 

Leaf  evidently  firm  in  texture,  ovate  or  ovate- 
elliptical,  rather  abruptly  rounded  to  the 
slightly  wedge-shaped  base;  apex  not  well  pre- 
served but  apparently  rather  obtuse;  margin 
perfectly  entire;  petiole  stout,  at  least  1  centi- 
meter long;  three-ribbed,  or  in  effect  five- 
ribbed,  the  petiole  splitting  into  approximately 
three  branches  or  ribs,  and  just  as  they  leave 
the  wedge-shaped  basal  portion  of  the  blade 
each  of  the  lateral  ones  gives  rise  to  a  strong 
secondary  branch  which  simulates  a  rib,  the 
five  about  equally  dividing  the  area  of  the 
blade;  middle  rib  straight,  with  several  secon- 
dary branches  in  the  upper  part;  next  pair  of 
ribs  about  as  strong  as  the  midrib,,  ascending 
well  toward  the  apex  of  the  blade,  each  with 

«  Lesquereux,  Leo .  The  Tertiary  flora:  U.  S.  OeoL  Survey  Terr.  Rept., 
vol.  7,  p.  277,  pL  52,  flgs.  7,  8, 1878. 
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several  secondary  branches  on  the  outside; 
lower  or  outer  pair  of  ribs  slightly  more  slender 
than  the  others,  passing  up  for  nearly  or  quite 
half  the  length  of  the  blade,  each  with  five  or 
six  secondary  branches  on  the  outside  which 
arch  forward  and  disappear  just  inside  the 
margin;  nervilles  numerous,  strong,  mainly  un- 
broken, and  at  right  angles  to  the  ribs  or 
secondaries. 

This  form  is  represented  by  a  number  of  ex- 
amples, of  which  the  two  best  preserved  are 
here  figured.  The  specimen  that  is  most  nearly 
perfect  in  outline  is  shown  in  figure  2.  It  is 
about  9  centimeters  long  and  5.5  centimeters 
wide.  The  nervation  shows  only  the  ribs  and 
some  of  the  secondaries,  the  nervilles  being  ob- 
scure or  effaced.  The  other  specimen  (fig.  1) 
comprises  only  the  base  of  a  leaf  of  about  the 
same  size  as  the  one  seen  in  figure  2,  but  the 
nervation  is  much  better  preserved.  The  origin 
of  the  outer  pair  of  ribs  is  very  well  shown  in 
this  specimen — that  is,  they  are  seen  to  arise 
as  branches  from  the  inner  pair  of  ribs^  thus 
being  virtually  secondaries.  Each  gives  rise  to 
some  five  or  six  branches  on  the  outside.  The 
nervilles  and  their  disposition  are  well  shown 
in  the  figure. 

This  fine  species  most  closely  resembles 
Zizyphus  fibriUosus  (Lesquereux)  Lesquereux," 
a  species  well  known  in  the  Denver  and  Raton 
formations.  From  this  it  differs  essentially  in 
having  the  base  distinctly  wedge-shaped  in- 
stead of  truncate  or  heart-shaped.  The  man- 
ner in  which  the  principal  ribs  arise  is  the  same 
in  both  species — that  is,  they  are  essentially 
three-ribbed  with  the  lateral  and  basal  second- 
aries arising  just  above  the  base  and  by  their 
strength  simulating  ribs.  The  nervilles  in  the 
present  species  are  similar  to  those  in  Zizyphus 
fibriUosus  except  that  they  are  neither  so  nu- 
merous nor  so  regular. 

I  take  pleasure  in  naming  this  species  in 
honor  of  Judge  Junius  Henderson,  curator  of 
the  museum  of  the  Universitv  of  Colorado, 
Boulder,  Colo. 

Occurrence:  Laramie  formation,  in  cut  in 
clay  beds  about  \\  miles  south  of  Golden,  Colo., 
collected  by  A.  C.  Peale,  1908;  Cowan  station, 
10  miles  south  of  Denver,  Colo.,  collected  by 
F.  H.  Knowlton. 

M  Lesquereux,  Leo,  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept ., 
vol.  7,  p.  276,  pi.  52,  figs.  1-6, 1878. 


Ziiyphus  comigatiis  KnowlUm,  n.  ap. 

Plate  XVII,  fig:ure  3. 

Zizyphus  comigatus  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  660,  1919. 

Leaf  apparently  rather  thick  in  texture,  ovate, 
with  abruptly  rounded,  truncate  or  slightly 
cordate  base  and  obtusely  pointed  apex;  seven- 
ribbed  from  the  top  of  the  petiole,  the  midrib 
strong,  straight,  with  two  pairs  of  alternate 
secondary  branches  in  the  upper  part;  next 
pair  of  ribs  at  an  angle  of  about  80^,  passing 
to  the  upper  margin,  each  with  three  or  four 
secondary  branches  on  the  outside;  next  outer 
pair  of  ribs  at  an  angle  of  about  60®,  reaching 
the  margin  below  the  middle  of  the  blade,  each 
with  two  or  three  secondary  branches  on  the 
outside;  lower  pair  of  ribs  at  an  angle  of  about 
30*^,  apparently  without  secondary  branches; 
nervilles  thin,  few,  usually  unbroken. 

The  leaf  figured,  which  is  nearly  perfect,  is 
about  8.5  centimeters  long  and  about  5  centi- 
meters wide  and  is  very  well  characterized. 
This  form  is  in  some  ways  more  closely  related 
to  Zizyphus  fibriUo8U8  Lesquereux  "  than  Zizy- 
phu8  hendersonij  the  form  just  described.  It 
differs,  however,  in  being  more  broadly  ovate, 
in  having  the  ribs  nearly  or  quite  straight  in- 
stead of  curved,  and  above  all  in  the  character 
of  the  nervilles  which  is  much  the  same  in 
both  and  is  wholly  unlike  that  of  ZizypJi/as 
hfinUosus. 

Occurrence:  Laramie  formation,  Cowan  sta- 
tion, 10  miles  south  of  Denver,  Colo.,  collected 
by  F.  H.  Knowlton. 

Zizyphus  minutus  Knowlton,  n.  sp. 

Plate  XVIII,  figure  1. 

Zizyphus  mintUus  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  661,  1919. 

Leaf  of  small  size,  probably  about  3.5  centi- 
meters in  length  and  8  millimeters  in  width, 
apparently  coriaceous,  linear-lanceolate,  nar- 
rowly wedge-shaped  at  the  base  (apex  de- 
stroyed) ;  three-ribbed  from  the  extreme  base 
of  the  blade,  the  ribs  nearly  equal  in  strength, 
the  lateral  ones  passing  well  up  to  the  apex;  all 
finer  nervation  obscure  or  effaced. 

Although  this  species  is  based  on  a  single 
specimen,  which  lacks  all  of  the  apical  portion, 

u  Lesquereux,  Leo,  The  Tertiary  flora:  U.  S.  Geol.  Surroy  T«r. 
I   Rept.,  vol.  7,  p.  276,  pi.  52,  figs.  1-6,  1878.  » 
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it  is  obviously  so  distinct  from  anything  else  in 
these  collections  that  it  merits  description.  It 
is  very  unlike  either  of  the  other  Laramie  forms 
referred  to  Zizyphus — ^in  fact,  it  belongs  to 
quite  a  different  section  of  the  genus.  It  is, 
however,  so  well  characterized,  though  it  is 
fragmentary,  that  there  should  be  no  trouble 
in  its  subsequent  recognition. 

Occurrence:  Laramie  formation,  railroad  cut 
between  old  and  new  stations,  Marshall,  Colo., 
collected  by  A.  C.  Peale,  1908. 

Order  MALVALES. 
FamUyTHlACEAB? 

Apeibopsls?  laramiensis  Knowlton,  n.  sp. 

Plate  VII,  figure  4. 

Apeibopsisf  laramientu  Knowlton  [nomen  nudum],  U.  S. 
Geo!.  Survey  Bull.  696,  p.  80,  1919. 

Leaf  evidently  membranaceous,  broadly 
ovate,  at  least  8  centimeters  in  length  and  5.5 
centimeters  in  width,  abruptly  roimded  and 
truncate  at  the  base,  apex  destroyed  but  ap- 
parently obtusely  pointed;  margin  perfectly 
entire;  petiole  3.5  centimeters  long,  slender; 
midrib  straight,  rather  strong;  secondaries 
about  15  pairs,  mostly  opposite  or  subopposite, 
thin,  at  an  angle  of  20°  or  30°,  close,  parallel, 
very  little  curved  upward,  disappearing  just 
before  reaching  the  margin;  finer  nervation 
obsolete. 

This  species  appears  to  be  most  closely  re- 
lated to  Apeibopsisf  discolor  (Lesquereux)  Les- 
quereux,**  from  Black  Buttes,  Wyo.,  but  it 
differs  in  its  more  truncate  base,  thinner  nerva- 
tion, and  more  numerous  secondaries. 

The  generic  reference  of  both  these  species  is 
more  or  less  questionable,  as  Lesquereux 
pointed  out  when  discussing  tis  species,  but 
they  are  apparently  congeneric  and  may  remain 
for  the  present  with  the  question  mark  to  indi- 
cate this  doubt. 

Occurrence:  Laramie  formation,  Leyden 
Gulch,  about  6i  miles  north  of  Golden,  Colo., 
collected  by  A.  C.  Peale. 

Order  XTMBELLALSS. 

Family  COBNACEJE. 
Comus  suborbifera  Lesquereux. 

Plate  XIV,  figures  2,  2a  (type). 

Comus  mborbifera  Lesquereux,  Tertiary  flora:  U.  S.  Geol. 
Survey  Terr.  Rept.,  vol.  7,  p.  243,  pi.  42,  figs.  2,  2a, 
1878;  U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann. 

N  LeMiuereux,  Leo,  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept., 
▼d.  7,  p.  250,  pi.  46,  figs.  4-7, 1878. 


Rept.  for  1876,  p.  512,  1878.    [Lesquereux's  figure 
of  the  type  is  here  reproduced.] 
Comtu  orhifera  Heer.    Lesquereux,  U.  8.  Greol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1873,  p.  402,  1874; 
idem  for  1876,  p.  512,  1878. 

The  type  specimen  of  this  species  was  found 
in  the  United  States  National  Museum  collec- 
tions (No.  353)  under  the  name  Comua  orhifera 
Heer,  with  which  it  was  at  first  identified.  Les- 
quereux explains,  however,  in  the  ^'Tertiary 
flora,''  page  243,  that  on  the  advice  of  Sapor ta 
he  decided  to  give  it  a  new  name,  although  he 
found  difficulty  in  distinguishing  it  from  the 
European  species.  The  type  of  Comua  avbor- 
hifera  is  very  imperfect  and  hardly  admits  of 
close  comparison. 

This  species  is  apparently  related  to  Comus 
impressa  Lesquereux,  from  the  Denver  forma- 
tion of  Golden,  Colo.,  but  appears  to  differ  es- 
sentially in  the  secondaries  emerging  at  a  much 
more  open  angle. 

Occurrence:  Laramie  formation,  Golden, 
Colo.,  in  the  white  sandstone. 

Comus  praeimpressa  Knowlton,  n.  sp. 

Plate  XIV,  figure  5;  Plate  XIX,  figure  2a. 

Comus  praeimpressa  Knowlton  [nomen  nudum],  U.  S. 
Geol.  Survey  Bull.  696,  p.  195,  1919. 

Leaf  evidently  firm  in  texture,  elliptical,  ap- 
parently rounded  or  perhaps  truncate  at  the 
base  and  abruptly  rounded  at  the  apex  to  a 
short  obtuse  point;  length  about  8  centimeters 
and  width  5  centimeters;  midrib  very  thick, 
especially  below,  perfectly  straight;  secondaries 
about  10  pairs,  mainly  alternate,  at  an  angle  of 
about  50°,  slightly  curved  upward,  campto- 
drome,  arching  just  inside  the  margin;  nervilles 
numerous,  strong,  mainly  unbroken,  at  nearly 
right  angles  with  the  secondaries;  finer  nerva- 
tion obsolete. 

This  form  is  based  on  the  single  example  from 
Cowan  station  here  figured.  It  is  very  well 
characterized  by  its  regular  elliptical  outline, 
very  thick  midrib,  relatively  thin  secondaries, 
and  nervilles  at  nearly  right  angles  to  the 
secondaries. 

This  species,  as  its  name  implies,  is  most 
closely  related  to  Comus  impressa  Lesquereux, " 
the  type  of  which  came  from  Mount  Bross, 
Middle  Park,  Colo.,  where  it  was  found  in  beds 
believed  to  be  of  Denver  age.    So  far  as  known 

M  LeBQuereux,  Leo,  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  7,  p.  343,  pi.  43,  fig.  3, 1878. 
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oi4y  two  additional  examples  of  Comus  im- 
presaa    have    been    collected.      These    are    a 
broken  individual  from  the  andesitic  beds  at 
Golden,  Colo.,  and  the  leaf  from  tte  ravine 
opposite  St.  Luke's  Hospital  in  Denver,  which 
was  described  by  Ward  "  as  Comus  emmonsii. 
The   other  leaf   described   and   figured   by 
Ward*'  under  the  name  Cornus  emmonsii  came 
from  beds  known  to  be  of  Montana  age  at 
Point  of  Rocks,  Wyo.     In  my  *' Flora  of  the 
Montana  formation""  this  specimen  was  also 
referred  to  Comus  impressa  on  the  basis  of  the 
figure  of  it  given  by  Ward,  but  the  specimen 
itself  was  not  then  available.     This  figure  will 
be  seen  to  agree  very  closely  with   that  of 
Comus  impressay  though  much  of  the  essential 
part  of  it  has  been  entirely  misinterpreted  and 
incorrectly   drawn.    The   margin    throughout 
and  the  distal  terminations  of  the  secondaries 
are  exceedingly  obscure.     Several  of  the  sec- 
ondaries seem  to  enter  the  margin,  but  in  one 
place  it  is  possible  to  demonstrate  with  con- 
siderable certainty  that  they  are  camptodrome 
and  arch  just  within  the  margin;  hence  it  is 
probable  that  all  do  this.     But  the  apex  is 
entirely  wrong  in  the  figure.     The  point  at 
which  it  is   there  made  to  curve  inward  is 
clearly  a  break,  and  it  was  undoubtedly  pro- 
longed for  a  distance  of  probably  3  or  4  centi- 
meters beyond  the  point  where  it  is  now  made 
to  terminate.     This  is  shown  by  the  undimin- 
ished thickness  of  the  midrib  at  the  broken 
upper  margin  of  the  blade,  as  well  as  by  the 
upper  pairs  of  secondaries,  which  do  not  arch 
but  clearly  pass  beyond  the  broken  margin. 
This  leaf  was  imdoubtedly  ovate-acuminate, 
instead  of  elliptical-oblong,  and  is  in  all  proba- 
bility a  small  leaf  of  what  has  with  some  hesi- 
tation  been   called    Comus   studeri.     In    any 
event  it  can  not  possibly  be  the  same  as  Comus 
impressa^  and  I  doubt  whether  it  should  be 
given  specific  rank. 

Among  the  specimens'  from  the  cut  on  the 
Moffat  railroad  (Denver  &  Salt  Lake)  near  the 
Leyden  mine  is  a  piece  of  matrix  bearing  a 
small  leaf  of  this  species  and  a  broken  leaf  of 
Rhamnus  salicifolius.  It  is  only  about  5  cen- 
timeters long  and  2.5  centimeters  wide  but 
does  not  otherwise  differ  essentially  from  the 
larger  example  figured. 

•«  U.  S.  Oeol.  Survey  Sixth  Ann.  Rept.,  p.  653,  pi.  48,  fig.  2,  1886; 
V.  S.  Geol.  Survey  Bull.  37,  p.  55,  pi.  2A.  fir.  2. 1887 
^  Op.  dt.  (Sixth  Ann.  Rept.),  pi.  48,  fig.  3. 
M  U.  S.  Oeol.  Survey  Bull.  163,  p.  68, 1900. 


Occurrence:  Laramie  formation,  Cowan  sta- 
tion, 10  miles  south  of  Denver,  Colo.,  collected 
by  F.  H.  Knowlton;  cut  on  Moffat  railroad 
(Denver  &  Salt  Lake) ,  collected  by  A.  C.  Peale, 

1908. 

Conms  sp. 

Plate  XIV,  figure  4. 

Leaf  of  firm  texture,  elliptical  or  perhaps 
elliptical-obovate;  margin  entire;  nervation  pin- 
nate, the  midrib  strong,  straight;  secondaries 
about  six  or  seven  pairs,  at  an  angle  of  about 
45^,  alternate  below,  suboppostte  above,  camp- 
todrome, arching  just  inside  the  border,  the 
upper  ones  much  curved  inward  and  probably 
reaching  the  midrib. 

The  specimen  here  figured  is  the  only  one 
obtained,  and  this  is  fragmentary,  lacking  all 
of  the  base  and  one  side  and  the  extreme  tip. 
It  was  about  8  centimeters  long  and  a  little 
over  5  centimeters  wide.  It  is  very  obtuse  and 
rounded  above  and  was  probably  abruptly 
rounded  below. 

This  form  is  of  the  same  type  as  Comus 
suAorhifera  Lesquereux  and  Comus  praeim- 
p-e«9a^Sjiowlton,  just  described,  but  differs  in 
its  fewer  secondaries  at  a  more  acute  angle. 

Occurrence:  Laramie  formation,  Cowan  sta- 
tion, 10  miles  south  of  Denver,  Colo.,  col- 
lected by  F.  H.  Knowlton. 

FamUy  ASALIACBAE. 

Hedera  lucens  Knowltoii,  n.  §p. 

Plate  IX,  figure  1. 

Hedera  lucens   Knowlton  [nomen   nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  315,  1919. 

Leaves  small,  thick,  evidently  smooth  and 
polished  on  the  upper  surface,  deltoid-ovate, 
truncate  and  square-cut  across  the  base,  ob- 
tusely acuminate  at  the  apex;  margin  entire; 
petiole  thin,  evidently  short;  midrib  thin, 
straight;  secondaries  about  five  or  six  pairs, 
very  thin  and  delicate,  camptodrome;  finer 
nervation  obsolete. 

This  fine  little  species  is  represented  by  two 
leaves  preserved  side  by  side  on  the  same  piece 
of  matrix.  One  is  absolutely  perfect;  the 
other  is  somewhat  fragmentary  but  shows  well 
the  nervation.  The  perfect  example  is  3  cen- 
timeters long  and  2.3  centimeters  wide,  and, 
so  far  as  can  be  made  out,  the  other  was  of 
similar  dimensions. 

Occurrence:  Laramie  formation,  Erie,  Colo. 
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Order  IBSNAUBS. 
YamUy  BBlHACSAf. 

IHospyros  berryana  Knowlton,  n.  sp. 

Plate  XVII,  figure  5. 

DioipffTot  berrycma  Kxiowlton  [nomen  nudum],  U.  S.  Geol. 
;^       Survey  Bull.  696,  p.  237,  1919. 

Leaf  apparently  of  medium  thickness, 
broadly  lanceolate,  broadest  near  or  just  be- 
low the  middle,  whence  it  tapei's  gradually  to 
the  wedge-shaped  base  and  presumably  to  an 
acuminate  apex,  but  this  portion  of  the  leaf 
is  destroyed;  margin  entire;  petiole  apparently 
rather  slender;  midrib  slender;  secondaries 
about  10  pairs,  mainly  alternate,  thin,  arising 
at  angles  of  30^  to  45^  with  the  midrib  arching 
and  joining  well  below  the  margin  and  with  a 
series  of  large  loops  outside;  nervilles  numer- 
ous, relatively  strong,  very  irregular  and 
broken,  the  finer  nervation  forming  irregular 
quadrangular  areas. 

The  leaf  figured  was  certainly  not  less  than 

10  centimeters  and  may  have  been  as  much  as 

11  centimeters  long.  It  is  a  little  less  than  5 
centimeters  wide.  The  petiole,  which  appears 
to  be  rather  slender,  was  at  least  1  centimeter 
long. 

•  In  size  and  shape  of  leaf,  as  well  as  in  the 
essentials  of  nervation,  this  form  is  apparently 
congeneric  with  the  common  persimmon  {Dios- 
pyros  virginiana)  but  differs  in  specific  details. 
It  is  also  congeneric  with  a  species  described 
as  Diospyros  copeana  Lesquereux,*'  from  Elko, 
Nev.,  but  differs  in  its  larger  size,  more  pointed 
apex,  and  fewer  secondaries. 

Occurrence:  Laramie  formation,  2  miles  east 
of  Liafayette,  Colo.,  collected  by  F.  H.  Knowl- 
ton,  1908. 

Order  QENTIANALSS . 

FamUy  pLEACXAS? 

Fhudnofl?  princetoniana  Knowlton,  n.  sp. 

Plate  XXII,  figure  7. 

.  Leaf  long,  lanceolate,  acuminate  at  the  apex 
(base  destroyed) ;  margin  entire  or  slightly  un- 
dulate in  the  middle  portion,  sparsely  toothed 
above;  midrib  slender,  straight;  secondaries  10 
or  11  pairs,  opposite  or  occasionally  suboppo- 
site,  emerging  at  an  angle  of  40^  or  45°,  curving 
slightly  upward  in  passing  to  the  border,  along 

— — ^ a^ 

*  Lesquereiix,  Leo,  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept., 
TOL  7,  p.  232,  pi.  40,  fig.  11, 1878. 


which  they  appear  to  curve;  nervilles  percur- 
rent,  close,  parallel,  mainly  at  right  angles  to 
the  secondaries;  finer  nervation  obsolete. 

This  form  is  represented  by  the  single  exam- 
ple figured,  which  unfortunately  is  very  frag- 
mentary, lacking  the  base  and  both  margins  for 
half  the  distance  above  the  base.  The  apex  is 
also  split  and  more  or  less  distorted,  and  alto- 
gether its  status  is  unsatisfactory.  I  have 
looked  carefully  for  some  known  species  to 
which  this  can  be  referred,  but  as  none  has  been 
found  it  is  necessarily  regarded  as  new.  It  by 
no  means  certainly  belongs  to  the  genus  Fraxx- 
nu8j  but  as  it  appears  to  resemble  certain  forms 
placed  in  this  genus,  it  has  been  provisionally  so 
referred. 

This  specimen  was  furnished  by  Prof.  William 
Libbey,  jr.,  of  Princeton  University. 

Occurrence:  Laramie  formation (?),  Sand- 
stone Ridge,  east  of  South  Table  Mountain, 
Golden,  Colo. 

7amUy  APOCTNACXAl. 
ApocjnophyUiun?  taenifottum  Knowlton,  n.  sp. 

Plate  XVI,  figure  2. 

Apocynopkyllumt  iaenifoUum  Enowlton  [nomen  nudum], 
U.  8.  Geol.  Survey  Bull.  696,  p.  81,  1919. 

Leaf  of  firm  texture,  linear-lanceolate,  being 
about  13  centimeters  in  length  and  2  centime- 
ters in  width;  it  is  abruptly  rounded  to  the  ob- 
tuse base  (apex  destroyed) ;  petiole  very  thick, 
apparently  short;  margin  entire;  midrib  very 
thick  below  but  thin  above,  straight;  seconda- 
ries few,  eight  or  nine  pairs,  alternate,  thin, 
regular,  emerging  at  an  angle  of  about  45**,  con- 
siderably curved  upward,  camptodrome;  finer 
nervation  not  retained. 

This  form,  represented  only  by  the  fragment 
shown  in  the  figure,  is  too  imperfect  to  be  re- 
garded as  adequately  characterized,  and  conse- 
quently the  generic  reference  has  been  ques- 
tioned. It  was  a  long,  narrow  leaf  that  was 
rather  abruptly  rounded  at  the  base  and  pre- 
sumably acuminate  at  the  apex.  It  is  not 
closely  similar  to  any  other  form  f oimd  in  these 
beds. 

Among  the  several  species  of  ApocynophyUum 
described  from  this  country  may  be  mentioned 
ApocynophyUum  sordidum  Lesquereux,*^  from 
the  Dakota  sandstone  of  Kansas.    That  species, 

M  Lesquereux,  Leo,  Flora  of  the  Dakota  group:  U.  8.  Oeol.  Survey 
lion.  17,  p.  109,  pi.  64,  fig.  11, 1802. 
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however,  is  a  smaller  leaf,  is  distinctly  ovate- 
lanceolate,  and  has  numerous  secondaries.  The 
form  here  described  is  of  about  the  same  size 
and  shape  as  ApocynophyUum  wUcaxensis 
Berry,**  from  the  Raton  formation  of  southern 
Colorado,  but  differs  in  having  fewer  and  more 
curved  secondaries. 

Occurrence:  Laramie  formation,  Leyden 
Gulch,  6  or  8  miles  north  of  Grolden,  Colo.,  col- 
lected by  A.  C.  Peale,  1908. 

Order  POLEMONIALES. 

FamUy  BIQNONIACSAE. 

Dombeyopsis  obtusa  Lesqnereux. 

Plate  XIII,  figure  4;  Plate  XX,  figure  11;  Plate  XXVII, 

figures  1-4. 

Domheyopna  obtusa  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1872,  p.  375, 1873;  idem 
for  1873,  p.  382,  1874;  idem  for  1876,  p.  514,  1878; 
Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol. 
7,  p.  255,  pi.  47,  figs.  4,  5, 1878. 

Leaves  subcoriaceous,  entire,  round  oval,  obtuse, 
cordate;  nervation  three- palmate. — Lesquereux. 

This  species  was  first  described  from  a 
specimen  found  in  Gehrung's  coal  bed,  near 
Colorado  Springs,  Colo.,  but  the  specimen  does 
not  appear  to  belong  to  the  United  States 
National  Museum  unless,  to  judge  from  the 
description,  it  is  the  specimen  figured  as  one 
of  the  types,^  which  is  recorded  in  the  Museum 
catalogue  as  coming  from  Golden,  Colo.  It  is 
probable,  however,  that  the  origmal  is  not  now 
preserved,  for  the  specimen  above  mentioned 
agrees  in  character  with  others  known  to  be 
from  Golden. 

The  two  figured  types  are  preserved  in  the 
United  States  National  Museum  (Nos.  380, 381) 
and  if  they  are  correctly  labeled,  both  came 
from  the  lower  or  true  Laramie  at  Golden. 
The  collection  also  contains  another  example 
from  the  same  locality. 

There  is  a  single  very  fine  example  of  this 
species  (No.  28 Id)  from  the  upper  or  Denver 
beds  at  Golden.  It  was  only  partly  exposed, 
but  by  removal  of  the  matrix  the  whole  of  a 
large  and  very  perfect  leaf  was  revealed.  This 
agrees  in  shape  with  Dombeyopsis  obtusa  and  in 
nervation  rather  more  closely  with  Dombeyopsis 

«  Berry,  E.  W.,  U.  S.  Oeol.  Survey  Prof.  Paper  91,  p.  342,  pi.  103,  figs. 
2, 3;  pi.  106,  fig.  4,  1016.  Knowlton,  F.  H.,  U.  S.  Geol.  Survey  Prof. 
Paper  101,  p.  345,  pi.  103,  fig.  3;  pi.  105,  figs.  1, 2;  pi.  106,  fig.  1. 1918. 

•>  Lesquereux,  Leo,  op.  cit.  (Tertiary  flora),  pi.  47,  fig.  4. 


platanoides,  all  of  which  goes  to  show  that  these 
species  are  very  closely  allied. 

In  the  material  from  Coal  Creek,  Boulder 
Coimty,  Colo.,  I  find  three  specimens  which 
clearly  belong  to  this  species.  All  are  more 
nearly  perfect  than  Lesquereux's  types,  and 
two,  shown  in  Plate  XXVII,  figures  1,  2,  are 
preserved  nearly  entire.  The  smaller  of  these 
two  specimens  lacks  only  a  small  portion  of 
the  base,  and  the  larger  a  portion  of  the  side  and 
apex.  In  figure  —  the  two  lateral  thick  ribs 
are  parallel  with  the  midrib  for  at  least  two- 
thirds  of  the  upper  portion,  as  in  Lesquereux's 
figure  5.  The  other  specimen  figured  has  the 
base  as  in  his  figure  5,  while  the  ribs  are  slightly 
more  divergent  than  in  his  figure  4.  The  un- 
figured  example  is  almost  the  exact  counterpart 
of  Lesquereux's  figure  4,  thus  connecting  them 
all  with  his  species. 

As  stated  aboye,  the  type  of  Dombeyopsis  ob- 
tusa appears  to  have  come  from --the  true 
Laramie  near  Colorado  Springs,  Colo.,  and  the 
finding  of  these  specimens  is  a  satisfactory 
co;nfirmation  of  the  horizon  of  which  they  are 
characteristic. 

The  collections  made  by  Lakes  at  the  Doug- 
las coal  mine,  Sedalia,  Colo.,  embrace  three 
or  foiu*  rather  fragmentary  specimens  that 
appear  to  belong  also  to  this  species.  They 
represent  only  basal  portions  of  the  leaves,  for 
it  seems  to  be  the  unfortunate  circumstance 
that  leaves  of  this  type  are  as  a  rule  poorly  pre- 
served. So  far  as  I  am  able  to  determine  there 
is  no  distinction  to  be  drawn  between  them  and 
the  types  of  Dombeyopsis  obtusa  ^  and  they  are 
so  referred. 

In  figures  3  and  4  of  Plate  XXVII  are  shown 
specimens  from  Marshall's  coal  mine,  near 
Golden,  Colo.,  that  appear  indistinguishable 
from  the  leaves  from  Coal  Creek  shown  in 
figures  1  and  2,  the  only  difference  being  the 
further  splitting  of  the  petiole,  or  rather  the 
origin  of  the  three  ribs  at  a  lower  point  than  in 
the  other.  As  a  result  of  this  lower  origin  of 
the  ribs  the  basal  portion  of  the  lamina  is 
slightly  more  decurrent,  but  otherwise  in  shape 
and  nervation  these  leaves  are  certainly  iden- 
tical. 

Several  fragmentary  examples,  which  are  in- 
distinguishable from  Lesquereux's  figured  types 
are  present  in  the  small  collection  from  Crow 
r Creek,  Colo. 
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Occurrence:  Laramie  formation,  Gehrung's 
coal  mine,  near  Colorado  Springs,  Colo,  (type) ; 
Coal  Creek,  Colo.;  Marshall's  coal  mine,  at 
Marshall,  Colo.;  Hoyt's  coal  mine,  1  mile  south 
of  Golden,  Colo.;  and  Crow  Creek,  25  miles 
northeast  of  Greeley,  Colo.  Denver  formation, 
3,000  feet  east  of  Douglas  coal  mine,  Sedalia, 
Colo.  Dawson  arkose.  Pulpit  Rock,  near  Col- 
orado Springs,  Colo. 

Dombejopsis  trivlalis  Lesqnereux. 

Plate  XIII,  figure  3;  Plate  XIV,  figure  3. 

DombeyopHi  trivialu  Lesqucreux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1872,  p.  380,  1873; 
idem  for  1873,  pp.  382,  404,  1874;  idem  for  1876, 
p.  614,.  1878;  Tertiary  flora:  U.  S.  Geol.  Survey 
Terr.  Rept.,  vol.  7,  p.  255,  pi.  47,  fig.  3,  1878. 
[Lesquereux's  original  figure  is  here  reproduced  as 
PI.  XIII,  fig.  3.] 

The  type  specimen  of  this  species  is  pre- 
served in  the  collections  of  the  United  States 
National  Museimi  (No.  379)  and  is  found  on 
the  hard  white  sandstone  characteristic  of  the 
Laramie  at  Golden,  Colo.  The  species  has  not 
been  detected  in  any  of  the  subsequent  col- 
lections from  this  locality,  but  in  the  material 
from  a  locality  north  of  Colorado  Springs  there 
occurs  the  fragment  shown  in  Plate  XIV,  fig- 
ure 3,  which  appears  referable  to  this  species. 
Although  only  a  fragment  of  the  basal  portion 
of  one  side,  it  appears  to  agree  with  the  type  in 
essential  details.  It  is,  for  instance,  deeply 
heart-shaped  at  the  base,  with  several  large 
lobes  on  the  margin.  The  nervation  consists 
of  three  principal  ribs,  with  a  lighter  basal 
pair  which  makes  it  in  eflFect  five-ribbed. 
Branches  from  lateral  strong  ribs  pass  to  the 
marginal  lobes,  and  probably  the  basal  pair  of 
ribs  also  terminated  in  more  or  less  pronounced 
lobes. 

Dombeyopsis  trivialis  is  undoubtedly  closely 
related  to  D,  platanoides  Lesquereux,*'  from 
which  it  differs,  according  to  Lesquereux,  in 
being  smaller,  in  having  the  nervation  less 
deeply  marked,  with  all  the  nerves  thinner  and 
with  the  secondaries  placed  in  the  upper  part 
of  the  leaf  at  a  great  distance  above  the  base. 
The  two  lower  veinlets  coming  from  the  top  of 
the  petiole  indicate  a  tendency  for  the  leaf  to 
become  five-ribbed.  Whether  these  are  char- 
acters of  sufficient  weight  to  separate  these 

*  LaKiiureax,  Leo,  The  Tertiary  flora:  U.  S.  Oeol.  Survey  Terr.  Rept., 
▼ol.  7,  pi.  47,  fl|pi.  1,  2,  1878. 


two  forms  must  remain  for  more  complete  ma- 
terial to  settle. 

The  present  species  is  also  like  Dombeyopsis 
ohtusa  Lesquereux  ^  in  general  shape  and  ner- 
vatioi^  but  differs  in  having  the  margin  lobed 
instead  of  entire.  It  is  possible  that  when  a 
sufficient  amount  of  material  can  be  obtained 
it  may  show  that  all  three  forms  are  referable 
to  a  single  species,  but  for  the  present  they 
must  be  kept  apart. 

Occurrence:  Laramie  formation;  Golden, 
Colo,  (type),  collector  not  known  but  probably 
F.  V.  Hayden;  opposite  sand-lime  brick  works 
about  4  miles  north  of  Colorado  Springs,  Colo., 
collected  by  A.  C.  Peale  and  G.  I.  Finlay,  1908. 

Dombeyopsia?  dnaata  Knowlton,  a.  sp. 

Plate  XXV,  figures  1,  2.      - 

Domheyopsisf  sinuata  Knowlton  [nomen  nudum],  U.  S. 
Geol.  Survey  BuU.  696,  p.  243,  1919. 

Leaf  evidently  thin  and  membranaceous, 
apparently  broadly  ovate,  well  rounded  to  a 
slightly  cordate  base  and  probably  a  rather 
obtuse  apex;  margin  undulate-sinuate;  mid- 
rib very  thick,  especially  below,  provided 
above  with  several  pairs  of  thin,  alternate, 
remote  secondaries  that  fork  and  send  branches 
to  the  marginal  undulations;  just  above  the 
base  of  the  blade  there  is  a  pair  of  opposite, 
strong  ribs  that  arise  at  an  angle  of  about  45** 
and  pass  up  for  more  than  half  the  length  of 
the  blade,  each  with  five  or  six  rather  strong 
secondary  branches  that  are  at  right  angles 
to  the  midrib  and  apparently  end  in  the  mar- 
ginal teeth;  below  the  large  ribs  is  a  pair  of 
thin  ribs  that  bear  thin  secondary  branches  on 
the  lower  side;  finer  nervation  can  not  be 
satisfactorily  made  out. 

The  example  shown  in  figure  1  is  in  a  poor 
state  of  preservation,  being  folded  around  the 
rock  on  which  it  is  imprinted  and  more  or  less 
effaced  by  rubbing.  As  nearly  as  can  be 
made  out  it  is  broadly  ovate,  about  15  centi- 
meters long  and  nearly  12  centimeters  wide. 
It  is  in  effect  five-ribbed;  the  midrib  is  very 
thick  and  strong,  as  are  a  pair  of  ribs  which 
arise  at  an  angle  of  45^  some  distance  above 
the  base  and  pass  up  for  apparently  more  than 
half  the  length  of  the  blade.  Below  this 
pair  of  strong  ribs  is  a  second  pair  of  much 
more  slender  ribs  which  arise  at  nearly  a  right 

«« Idem,  pi.  47,  flgi.  5,  6. 
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Angle  and  are  provided  with  secondary  branches 
on  the  lower  side.  The  margin  of  the  blade 
seems  to  be  entire  for  a  short  distance  above 
the  base,  then  strongly  undulate-sinuate.  The 
nervation  all  appears  to  be  craspedodrome, 
ending  in  the  large  marginal  teeth. 

The  poor  state  of  preservation  makes  it 
difficult  properly  to  place  this  leaf,  but  on  the 
whole  it  appears  to  be  most  like  the  several 
species  of  Dombeyopsis  figured  by  Lesquereux, 
and  I  have  provisionally  referred  it  to  that 
genus.  It  is  larger  than  even  the  largest  leaf 
figured  by  Lesquereux  and  differs  in  being  quasi 
five-ribbed  and  in  having  a  looser,  more  forked 
nervation.  It  is  perhaps  closest  to  Dombeyopsis 
platanoides  Lesquereux,**  from  the  Bozeman 
coal  field,  Mont.,  but  has  a  much  more  sinuate- 
toothed  margin  and  a  different  nervation. 

A  specimen  has  been  found  among  the  Coal 
Creek  material  which  seems  to  belong  with 
this  species.  This  specimen  is  much  broken 
but  was  evidently  a  leaf  of  large  size.  It  is 
more  deeply  heart-shaped  than  the  first  and 
has  an  enormously  thick  midrib  and  lateral 
ribs.  Except  as  regards  size  it  has  exactly 
the  same  character  of  nervation  as  the  type, 
including  the  secondary  ribs  at  right  angles 
to  the  midrib  and  below  the  strong  lateral 
ribs;  the  nervilles  are  also  the  same. 

I  am  in  doubt  as  to  the  correctness  of  refer- 
ring these  leaves  to  Dombeyopsis^  but  they  may 
peiiiaps  remain  here  until  more  nearly  perfect 
examples  are  forthcoming. 

Occurrence:  Laramie  formation.  Coal  Creek, 
Boulder  County,  Colo,  (type) . 

I>onbe7opsis  ovata  Knowlton,  n.  sp. 

PUUj  XXIV,  figures  1-3,  9. 

ttffttJte^pmM  ovata  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Hurvtsy  Bull.  696,  p.  243,  1919. 

IjhAvm  rather  membranaceous,  ovate  in  gen- 
ial outline,  rounded  and  truncate  or  very 
«ligfitiy  heart-«haped  at  the  base,  rounded 
aU/vif  inUf  a  very  small  acuminate  point; 
niMry^u  entire  below,  then  undulate  or  pro- 
Y$4^A  with  two  or  three  low,  rounded  lobes 
wUuiii  arc  w;paratcd  by  shallow  rounded 
tifnai^;  tripU^nerved  from  the  base  of  the 
Mjh/Ja,  th#5  r5#*fjtral  or  midrib  slightly  the  stronger, 
MMfty  ittrai^ht,    provided   above  with   about 

«•■  tA¥i.'immn,  i^*,  Th«  T«rtUry  flora:  U.  B.  Geol.  Survey  Terr. 


six  or  seven  pairs  of  strong,  very  irregular, 
remote,  and  alternate  secondaries,  of  which  the 
lower  one  is  often  forked;  the  secondaries  curv- 
ing very  near  the  margin  and  each  joining  the 
one  next  above  or  running  along  just  inside  the 
margin  and  fading  out;  lateral  ribs  arising  at 
the  base  of  the  blade  at  an  angle  of  about  50^, 
running  nearly  straight  to  the  margin,  just 
inside  which  they  apparently  ciuve  inward  and 
join  the  lower  pair  of  secondaries,  each  with 
six  or  eight  secondary  branches  on  the  lower 
side  which  are  approximately  at  right  angles 
to  the  midrib,  somewhat  ciu-ved  upward,  often 
forked,  each  curving  near  the  margin  and  form- 
ing by  union  with  the  next  higher  one  a  series 
of  large  bows;  nervilles  thin,  percurrent,  and 
broken. 

This  form  is  represented  in  the  collection  by 
several  well-preserved  leaves,  four  of  which  are 
figured.  There  is  considerable  range  in  size, 
the  smallest  (fig.  3)  being  about  6.5  centimeters 
long  and  4  centimeters  wide  and  the  largest 
(fig.  1)  about  10  centimeters  long  and  7  centi- 
meters wide.  The  leaf  shown  in  figure  9  is 
9.5  centimeters  long  and  6  centimeters  wide. 
The  configuration  of  the  base  is  shown  in 
figures  1  and  2  and  is  foimd  to  be  truncate  or 
very  slightly  heart-shaped. 

This  species  seems  to  be  related  to  Dombey- 
opsis  platanoides  Lesquereux,'*  from  the 
Bozeman  coal  field  of  Montana.  It  is,  how- 
ever, much  longer  and  narrower,  being  ovate 
instead  of  nearly  circular,  and,  further,  is 
truncate  instead  of  very  deeply  heart-shaped 
at  the  base.  The  nervation  is  similar  in  char- 
acter in  the  two  species,  except  that  in  D, 
ovata  the  lateral  ribs  are  at  a  slightly  more 
acute  angle. 

Occurrence:  Laramie  formation,  Erie,  Colo. 

SYSTEMATIC  POSITION  UNCSBTAIN  OB 

UNKNOWN. 

Carpites  lakesii  Knowlton,  n.  sp. 

Plate  XIX,  figures  6-8. 

Carpites  lakesii  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  135,  1919. 

Fruit  evidently  hard-shelled,  ovoid,  roimded 
at  the  base,  apparently  acuminate  at  the  apex, 
surface  not  obviously  striate  or  otherwise 
marked. 


w  Lesquereux,  Leo,  The  Tertiary  flora:  TJ*  S.  Qeok  Survey  Terr. 
Rept.,  vol.  7,  pi.  47,  figs.  1, 2, 1S78. 
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The  material  from  the  Murphy  coal  mind, 
near  Oolden,  Colo.,  contains  several  obscure 
fruits,  the  best  of  which  are  here  figured. 
Fruits  of  this  kind  are  all  unsatisfactory,  and 
I  have  hesitated  to  name  them,  but  they  un- 
doubtedly represent  a  type  of  vegetation  pres- 
ent in  these  beds  and  should  perhaps  legiti- 
mately be  designated  for  the  benefit  of  future 
workers,  though  their  affinities  are  and  prob- 
ably must  remain  uncertain. 

These  fruits  appear  to  occur  in  pairs,  though 
there  is  no  evidence  of  organic  connection,  and 
it  may  be  that  this  association  is  merely  acci- 
dental. The  shape  and  apparent  consistence 
suggest  the  hard,  stony  putamen  of  certain 
species  of  PrunuSf  but  this  is  mere  conjecture. 
They  are  perhaps  sufficiently  well  figured  to 
permit  subsequent  identification. 

Occurrence:  Laramie  formation,  Murphy 
coal  bank,  Ralston  County,  Colo.,  west  of 
Golden,  collected  by  iirthur  Lakes,  June,  1890. 

Carpites  lesquereiudaiia  Knowlton,  n.  sp. 

Carpites  lesquereuxiana  Knowlton  [nomen  nudum],  U.  S. 
Geol.  Survey  Bull.  696,  p.  135,  1919. 

Fruit  large,  about  18  millimeters  long,  about 
17  millimeters  in  greatest  diameter  and  13 
millimeters  in  least  diameter,  slightly  obovoid, 
with  a  broad,  flat  base  and  an  obtuse  apex; 
provided  with  about  twelve  well-defined  ridges 
or  ribs  at  the  base  and  up  the  sides  which  by 
their  union  are  reduced  just  below  the  apex  to 
about  five. 

This  specimen  is  recorded  in  the  fossil-plant 
catalogue  of  the  United  States  National 
Museum  (No.  951)  as  Carpites  rosiellatus 
Lesquereux — that  is,  the  small  piece  of  matrix 
on  which  it  occurs  is  so  recorded.  The  smaller 
of  the  two  fruits  on  this  matrix  obviously 
belongs  to  Carpites  rosteUatus,  but  the  one 
above  described  is  quite  different  and  un- 
doubtedly represents  a  new  species. 

Occurrence:  Laramie  formation.  Coal  Creek, 
Boulder  County,  Colo. 

Carpites  rhomboidalis  Lesquereux. 

Carpites  rhomboidalis  Lesquereux,  Tertiary  flora:  U.  S. 
Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  306,  pi.  60,  figs. 
28,  29,  1878;  U.  S.  Geol.  and  Geog.  Survey  Terr. 
Ann.  Rept.  for  1876,  p.  520,  1878. 

The  two  types  of  this  species  are  on  one 
piece  of  matrix,  which  is  No.  507  of  the  United 
States    National    Museum    collections.     They 
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represent  so  far  as  known  the  only  specimens 
obtained. 

In  the ''  Tertiary  flora/'  page  306,  this  species 
is  said  to  have  come  from  South  Table  Moun- 
tain, near  Golden,  Colo.,  but  as  the  matrix  is  the 
coarse  white  sandstone  so  characteristic  of  the 
true  Laramie,  it  is  practically  certain  that  the 
specimen  did  not  come  from  that  locality, 
where  the  rock  is  of  Denver  age,  but  from  a 
locality  south  or  west  of  Golden,  where  the 
Laramie  is  known  to  be  exposed. 

Occurrence:  Laramie  fOTmation,  Golden, 
Colo. 

Phyllitee  leydenianns  Knowlton,  n.  ip. 

Plate  XVIII,  figure  5. 

Phyllites  leydenianus  Knowlton  [nomen  nudum],  U.  S. 
Geol.  Survey  Bull.  696,  p.  446,  1919. 

Leaves  of  thick  texture,  ovate,  somewhat 
unequal  at  the  base,  mai^in  and  apex  prac- 
tically destroyed;  midrib  very  strong;  second- 
aries only  two  or  three  pairs,  the  lowest  pair 
arising  a  short  distance  above  the  base  and 
producing  a  pseudo  three-ribbed  appearance, 
each  with  a  few  tertiary  branches  on  the  out- 
side; next  pair  of  secondaries  near  the  middle 
of  the  blade,  opposite,  strong,  apparently  cras- 
pedodrome,  but  this  can  not  be  made  out  with 
certainty. 

Thisform  is  represented  by  several  leaves,  all 
of  which  are  so  fragmentary  that  the  whole 
character  can  not  be  made  out.  It  appears  to 
have  been  ovate  and  entire,  being  about  9 
centimeters  long  and  5  centimeters  wide.  The 
only  portion  of  the  margin  preserved  is  at  the 
base.  The  peculiarity  of  this  form  lies  in  the 
nervation,  the  two  pairs  of  especially  strong 
secondaries  being  opposite  and  probably  cras- 
pedodrome.  The  affinities  of  this  leaf  are  not 
recognizable,  though  it  can  probably  be 
recognized  for  stratigraphic  purposes. 

Occurrence:  Laramie  formation,  Leyden 
Gulch,  6i  miles  north  of  Golden,  Colo.,  col- 
lected by  A.  C.  Peale,  1908. 

PhyUites  marshallensis  Knowlton,  n.  sp. 

Plate  XXVIII,  figure  7. 

Phyllites  marshallensis  Knowlton  [nomen  nudum],  U.  S. 
Geol.  Survey  Bull.  696,  p.  446,  1919. 

Leaf  large,  coriaceous,  lanceolate,  appar- 
ently* rounded  at  the  base,  narrowly  acimiinate 
at  the  apex;  margin  prominently  imdulate,  the 
lobes   and  sinuses  broadly  rounded;   midrib 


166 


LARAMIE  FLORA  OF  THE  DENVER  BA8IN. 


exceedingly  strong  below,  becoming  very  thin 
above;  secondaries  about  12  pairs,  alternate, 
thin,  arising  at  a  low  angle,  much  curved  up- 
ward, camptodrome,  arching  near  the  margin, 
along  which  they  pass  in  a  series  of  loops; 
nervilles  numerous, both percurrent and  broken; 
finer  nervation  forming  an  intricate  network  of 
large  and  small  irregularly  quadrangular 
areolae. 

This  remarkable  leaf  is  the  only  one  observed 
in  the  collections.  It  is  rather  broadly  lanceo- 
late, about  16  centimeters  long,  and  was 
undoubtedly  several  centimeters  longer  when 
perfect;  the  width  at  the  broadest  point  is 
about  5.5  centimeters.  The  margin  is  deeply 
undulate,  and  both  lobes  and  sinuses  are 
broadly  rounded.  The  midrib,  as  may  be  seen 
from  the  figure,  is  extremely  thick  below, 
where  it  exceeds  a  thickness  of  3  millimeters, 
but  in  the  upper  portion  of  the  blade  it  is 
reduced  almost  to  the  vanishing  point. 

I  am  entirely  at  a  loss  to  suggest  the  proper 
generic  reference  for  this  leaf.  The  very  thick 
midrib  and  arching,  camptodrome  secondaries 
suggest  certain  species  of  FicuSj  but  I  do  not 
regard  this  resemblance  as  sufficient  warrant 
for  placing  it  under  this  caption.  For  the 
present  it  may  remain  as  designated. 

Occurrence:  Laramie  formation,  Marshall's 
mine,  Boulder  Coimty,  Colo.,  collected  by 
N.  L.  Britton  about  1885. 

PhylUtes  trinenris  Knowhon,  n.  sp. 

Plate  XXIV,  figure  12. 

PhylliUs  trinervis  Knowlton  [nomen  nudum],  U.  S.  Geol. 
Survey  Bull.  696,  p.  449,  1919. 

Leaf  evidently  thick  and  leathery,  ovate, 
broadly  rounded  below  to  an  apparently 
decurrent  base,  very  obtuse  and  rounded 
above;  margin  perfectly  entire;  triple-ribbed 
from  the  extreme  base  of  the  blade,  the  ribs 
of  equal  size,  the  middle  one  with  about  three 
pairs  of  alternate,  thin,  much  curved  seconda- 
ries, the  lateral  ones  with  several  secondary 
branches  on  the  outside;  all  secondaries  seem- 
ingly camptodrome;  finer  nervation  not  re- 
tained. 

The  little  leaf  here  figured  is  broadly  and 
very  obtusely  ovate,  the  length  being  5  centi- 
meters and  the  width  about  4  centimeters. 
The  base  is  broadly  rounded,  with  a  slightly 
decurrent   portion    through    which    pass    the 


three  ribs,  their  origin  evidently  being  the  top 
of  the  petiole.  Little  of  the  other  nervation  is 
preserved,  and  this  is  well  shown  in  the  figure. 

The  real  afiinities  of  this  leaf  are  hard  to 
make  out.  It  has,  for  example,  exactly  the 
same  type  of  base,  as  regards  shape,  size,  and 
nervation,  as  Fictts  trinervisj  a  part  of  which 
was  formerly  called  Cinnamomum  affine  Les- 
quereux,  but  the  upper  portion  of  the  leaf  is 
wholly  different. 

The  basal  portion  of  this  leaf  is  also  similar 
to.  a  form  from  Marshall  that  has  been  described 
as  Populua  distorta  (p.  126),  but  it  differs  in 
having  the  apex  rounded  instead  of  acumi- 
nate. In  general  shape  it  suggests  Popvlus 
arctwa  Heer,  as  figured  by  Lesquereux,*^  but  it 
differs  in  details  of  primary  nervation.  It  also 
suggests  one  of  the  leaves  from  the  Bozeman 
coal  field  described  under  the  name  PopuLua 
cf.  P,  arctica  Heer,"  but  the  Bozeman  leaf 
differs  markedly  in  the  primary  nervation. 

Occurrence :  Laramie  formation.  Coal  Creek, 
Boulder  County,  Colo. 

Phyllites  dombeyopsoides  Knowlton,  n.  sp. 

Plate  XVIII,  figure  2. 

PhylliUs  dombeyopsoides  Knowlton  [nomen  nudum],  U.  S. 
Geol.  Survey  Bull.  696,  p.  445,  1919. 

Leaf  ovate,  truncate  or  possibly  slightly 
heart-shaped  at  the  base,  regularly  and  ob- 
tusely acuminate  at  the  apex;  margin  slightly 
undulate,  especially  about  the  middle  of  the 
blade;  apparently  triple  ribbed  from  or  near 
the  base  of  the  blade,  the  central  or  midrib 
very  much  the  strongest,  especially  below, 
with  two  pairs  of  strong,  remote  secondary 
branches  in  the  upper  part;  lateral  ribs  slender, 
at  an  angle  of  about  60°,  with  a  large  lateral 
branch  in  the  lower  portion,  this  with  several 
tertiary  branches  on  the  outside  which  arch 
just  inside  the  margin;  lateral  ribs  forked 
above,  the  branches  passing  to  or  near  the 
margin,  the  rib  itself  arching  in  a  broad  bow 
and  joining  the  lower  secondary  on  the  midrib; 
intermediate  secondaries  and  nervilles  strong, 
unbroken. 

This  form  is  represented  by  the  leaf  figured 
and  several  rather  poor  fragments.  The  ex- 
ample figured,  which  lacks  both  base  and  apex, 

•^  Lesquereux,  Leo,  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr. 
Rept.,  vol.  7,  pi.  23,  fig.  5,  1878. 
•«  Knowlton,  F.  H.,  U.  8.  Geol.  Survey  Bull.  105,  pi.  6,  &«.  7, 1802. 
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is  about  14  or  15  centimeters  in  length  and  10 
centimeters  in  width,  and  the  widest  point  is  at 
about  one-third  the  length  of  the  blade  above 
the  base.  It  is  rather  broadly  ovate  and  has  a 
distinctly  undulate  margin.  The  nervation  is 
remarkable  for  the  very  thick  midrib,  with 
only  two  pairs  of  secondaries  in  the  upper  part. 

This  species  appears  to  be  closely  related  to 
Dornbeyopsia  ovata,  from  which,  however,  it 
differs  in  its  larger  size,  more  distinctly  undu- 
late margin,  and  fewer  secondary  branches  on 
the  midrib,  as  well  as  by  the  joining  of  the  upper 
secondaries  before  they  reach  the  margin.  It 
also  resembles  certain  species  of  Ficus  of  the 
Ficua  planicostata  group,  yet  it  apparently  dif- 
fers in  essential  ways. 

Occurrence:  Laramie  formation,  Cowan  sta- 
tion, 10  miles  south  of  Denver,  Colo.,  collected 
by  F.  H.  Knowlton. 

Phyllites  sp. 

Plate  XIX,  figure  1. 

Phyllites  sp.  Knowlton  [nomen],  U.  S.  Geol.  Survey  Bull. 
696,  p.  450,  1919. 

In  the  material  obtained  by  Peale  in  the  cut 
on  the  Moffat  railroad  (Denver  &  Salt  Lake)  some 
6  or  8  miles  north  of  Golden,  Colo.,  is  the  frag- 
ment here  figured.  It  is  only  the  basal  portion 
of  what  was  apparently  a  large  leaf  and  shows 
the  very  thick  midrib  and  the  pair  of  nearly  as 
strong  lateral  ribs,  each  of  which  is  branched 
on  the  outside.  It  is  doubtful  if  any  portion 
of  the  margin  is  preserved. 

This  specimen  is  so  fragmentary  that  there 
is  little  use  in  speculating  as  to  its  probable 
affinity,  though  it  is  not  luilike  certain  species 
of  FUdanuSy  such  as  Platanus  raynoldsii,  fig- 
ured by  Lesquereux  in  the  '* Tertiary  flora," 
Plate  XXVII,  figure  1,  but  obviously  it  can 
have  little  value  beyond  calling  attention  to 
the  fact  of  the  presence  of  a  large,  perhaps 
platanoid  leaf  in  these  beds. 

Occurrence:  Laramie  formation,  cut  on  Mof- 
fat railroad  (Denver  &  Salt  Lake)  6  or  8  miles 
north  of  Golden,  Colo.,  collected  by  A.  C. 
Peale,  1908. 


PkyDitM  ap. 

Plate  XVI,  figure  5. 

PhffUUei  sp.  Knowlton  [nomen],  U.  S.  Geol.  Survey  Bull. 
696,  p.  450,  1919. 

The  fragment  of  the  tip  of  the  small  toothed 
leaf  here  iSgured  is  all  that  was  observed  of 
this  form  and  is  hardly  worthy  of  mention 
except  to  call  attention  to  the  presence  of  this 
type  of  leaf.  Its  affinity  is  obviously  uncer- 
tain. It  might  be  the  apical  portion  of  the 
leaf  of  a  maple  (Acer)  or  a  sycamore  (Platanus)  p 
but  it  is  quite  impossible  to  decide  further. 

Occurrence:  Laramie  formation,  Marshall, 
Colo.,  collected  by  A.  C.  Peale,  1908. 

PhylUtes  sp. 

Plate  VIII,  figure  5. 

Phyllites  sp.  Knowlton  [nomen],  U.  S.  Geol.  Survey  Bull. 
696,  p.  451,  1919. 

In  the  material  from  Cowan  station,  near 
Denver,  is  the  fragmentary  leaf  here  figured. 
It  was  a  lanceolate  leaf  with  a  wedge-shaped 
base  and  presumably  an  entire  margin  and 
was  evidently  of  firm  texture.  It  was  10  centi- 
meters or  more  long  and  3.5  centimeters  wide. 
The  nervation  is  strongly  marked,  consisting 
of  a  strong  midrib  and  probably  about  six 
pairs  of  strong  alternate  secondaries  at  an 
acute  angle  of  divergence.  None  of  the  finer 
nervation  is  preserved. 

This  leaf  has  some  resemblance  to  what  has 
been  described  as  Ficua  covmnensia,  especially 
to  the  leaf  shown  in  Plate  IX,  figure  3,  and  it  is 
to  be  noted  that  they  come  from  the  same 
locality.  The  latter  is  a  larger  leaf  and  has 
the  secondaries  more  numerous  and  at  a  less 
acute  angle.  The  fragment  under  discussion 
has  some  suggestion  of  certain  narrow  leaves 
of  Quercuaj  but  it  is  too  fragmentary  to  be 
certain  of  the  reference  to  that  genus.  On  the 
whole  it  seems  best  to  refrain  from  giving  it  a 
definite  designation. 

Occurrence:  Laramie  formation.  Cowan  sta- 
tion, south  of  Denver,  Colo.,  collected  by 
F.  H.  Knowlton.  1908. 


168 


LARAMIE  FLOBA  OF  THE  DEKVEB  BABIN. 


Pftlaeoaflter?  liiiiilis  Knowhon,  n.  sp. 

Plate  XXIV,  figuree  10,  11. 

PalaeoaHert  nmUxB  Knowlton  [nomen  nudum],  U.  S.  GeoL 
Survey  Bull.  696,  p.  427,  1919. 

Organism  consisting  of  a  whorl  or  rosette 
apparently  of  about  six  thick,  linear-lanceo- 
late, acuminate,  erect,  one-nerved  ** leaves" 
or  segments  which  are  sessile  or  nearly  sessile 
on  a  short,  stout  stem  or  axis. 

This  form  is  represented  by  the  nearly 
perfect  example  figured  and  a  number  of  de- 
tached segments.  So  far  as  can  be  made  out 
this  species  consists  of  about  six  'leaves"  or 
segments  which  are  disposed  in  a  whorl  at  the 
top  of  a  short,  stout  branch  or  axis.  The 
individual  'leaves"  are  narrowed  to  a  long 
wedge-shaped  basal  portion  'and  apparently 
are  not  in  contact  with  one  another.  The 
only  nervation  that  can  be  observed  is  a 
thick  midrib. 

This  species  appears  to  be  related  to  a  curious 
organism  from  the  extreme  upper  part  of  the 
Vermejo  formation  and  the  lowermost  part  of 
the  Raton  formatiop  of  southern  Colorado, 
described  under  the  name  PaJaeoaster  in- 
quirenda  Knowlton,*'  as  follows: 

It  consiBts  of  usually  about  9  (the  number  ranges  from  8 
to  12)  narrow,  erect  *' leaves"  or  members  whidi  are  3.5 
to  about  4.5  centimeters  long  and  6  to  10  millimeters  wide 
in  the  middle.  They  are  slightly  narrowed  to  the  sessile 
base,  where  they  are  in  contact,  though  evidently  perfectly 
free  at  the  point  of  attachment.    Above  they  are  narrowed 


•  Knowlton,  F.  H.,  U.  8.  Oeol.  Survey  Prof.  Paper  101,  p.  278,  pi. 
49,  flfs.  5, 6, 1918. 


to  a  quite  slender  acuminate  apex,  which  is  usually  earner 
what  incurved.  The  segments  are  thick  and  leathery,  if 
not  indeed  woody,  and  are  traversed  diversely  by  a  deep 
median  furrow.  *  *  *  It  seems  probable  that  these 
organisms  were  terminal,  for  there  is  some  evidence  of  the 
presence  of  a  scar  or  point  of  attadiment  at  the  base,  but 
there  has  never  been  noted  any  axis  on  which  they  might 
have  stood.  They  are  certainly  not  leaves  whorled 
around  a  stem,  for  had  they  been,  some  trace  of  the  item 
should  have  been  detected  in  some  of  the  numerous  speci- 
mens that  have  passed  in  review.  It  appears  more  likely 
that  they  were  capsular  in  nature,  for  if  tiie  now  spreading 
segments  were  brought  together  they  would  apparently 
make  a  tightly  closed  "capsule."  The  incurved  tips  of 
the  segments  lend  support  to  this  view,  though  no  evidence 
of  seeds  or  any  interior  structure  has  been  observed. 

The  specimen  under  consideration  appears 
to  differ  in  several  particulars  from  those  above 
described.  Thus,  instead  of  eight  to  twelve 
"leaves''  there  are  apparently  only  five  or  six; 
instead  of  being  in  contact  at  their  bases  they 
are  slightly  separated  and  have  much  more  the 
appearance  of  a  whorl  of  leaves;  and  finally, 
instead  of  being  sessile  they  appear  to  stand 
on  a  short  stem  or  axis.  The  individual 
" leaves''  or  segments  are  practically  indistin- 
guishable in  the  two  forms,  and  the  question 
naturally  arises  whether  they  are  slightly  dif- 
ferent phases  of  the  same  or  similar  organisms, 
or  whether  they  should  be  considered  whoUy 
distinct.  In  the  absence  of  sufficient  material 
it  is  deemed  best  to  describe  them  as  separate 
species,  and  I  have  even  questioned  the  generic 
reference  of  the  present  form. 

Occurrence:  Laramie  formation,  Murphy's 
coal  mine,  Ralston  County,  west  of  Oolden, 
Colo. 
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ADDITIONS  TO  THE  FLORA  OF  THE  WILCOX  GROUP. 


By  Edward  Wilber  Berry. 


A  rather  full  account  of  the  extensive  flora 
contained  in  the  lower  Eocene  strata  of  the 
Mississippi  embay  men  t  which  are  referred  to 
the  Wilcox  group  was  published  in  1916.*  At 
that  time  it  was  not  possible  to  obtain  sections 
of  the  numerous  specimens  of  petrified  wood 
that  had  been  collected  from  these  beds. 
These  woods  have  since  been  sectioned  and 
studied,  and  it  seems  eminentlv  desirable  to 
place  the  results  of  this  study  on  record,  for 
although  much  of  the  material  had  suffered 
greatly  from  decay  before  silicification,  some 
of  it  is  fairly  well  preserved  and  shows,  among 
other  results,  that  conifers  were  individually 
much  more  plentiful  during  Wilcox  time  than 
would  bo  mferred  from  the  almost  total  ab- 
sence of  their  foliage  in  the  very  large  collec- 
tions of  remains  of  this  class  that  have  been 
studied. 

Moreover,  these  coniferous  woods  show  well- 
marked  seasonal  rings,  indicating  periodicity 
in  the  climate,  which  can  be  explained  as  due 
either  to  severity  of  winters  or  to  a  seasonal 
rainfall  and  a  regularly  recurring  dry  season. 
As  the  facies  of  the  flora  appears  to  preclude 
the  first  alternative,  the  second  would  seem 
established,  except  that  the  general  character 
of  the  flora  is  equally  opposed  to  this  alter- 
native. As  both  the  pines  and  the  bald 
cypress  m  the  existing  flora  at  their  southern 
limit  in  peninsular  Florida  show  annual  rings, 
it  seems  to  me  that  a  somewhat  similar  winter 
season  must  be  predicated  for  the  Wilcox. 
This  does  not  mean  annual  snow  or  frost,  al- 
though freezes  may  have  occurred  at  intervals 
of  years.  Severity  is  a  relative  term,  and  I 
would  not  expect  the  Wilcox  climate,  even  at 
the  north  end   of  the  embayment,   near  the 

» Berry,  E.  W.,  U.  S.  Oeol.  Survey  Prof.  Paper  91,  1916. 


present  mouth  of  the  Ohio,  to  have  been  any 
more  severe  during  the  winter  than  the  present 
climate,  for  example,  of  Fort  Pierce,  in  the 
southern  Indian  River  region  of  peninsular 
Florida.  This  conclusion  is  practically  the 
same  as  that  arrived  at  in  the  previous  analysis 
of  the  Wilcox  flora. 

Very  little  has  heretofore  been  known  of  the 
Wilcox  flora  in  the  Texas  area.  In  Profes- 
sional Paper  91  Wilcox  plants  were  recorded 
from  only  three  localities  in  Texas,  and  two  of 
these — Old  Port  Caddo  Landing,  in  Harrison 
County,  and  Sabine  River  in  Sabine  County — 
are  in  the  extreme  eastern  part  of  the  Stat«. 
The  third  and  westernmost  locality  from  which 
Wilcox  plants  had  been  recorded  is  on  Calaveras 
Creek  in  Wilson  County.  That  the  lack  of 
fossils  from  the  Wilcox  in  the  region  between 
San  Antonio  and  the  Rio  Grande  was  due  en- 
tirely to  lack  of  exploration  was  shown  by  a 
short  trip  through  this  region  during  1921. 
Although  fossil  plants  are  not  so  common  there 
as  farther  east,  because  the  upper  Wilcox, 
which  alone  crops  out,  contains  a  large  propor- 
tion of  sandy  beds,  long  ago  recognized  as  the 
Carrizo  sandstone,  several  collections  were 
obtained.  The  age  of  the  Carrizo  sandstone 
has  heretofore  been  somewhat  uncertain.  Re- 
ferred originally  to  the  Wilcox,  it  has  been 
considered  to  be  of  Claiborne  age  by  several 
Texas  geologists.  The  plants  found  in  the 
Carrizo  sandstone,  as  well  as  those  found  both 
above  and  below  it  near  the  Rio  Grande, 
definitely  settle  its  upper  Wilcox  age.  These 
will  be  discussed  on  a  subsequent  page. 

In  addition,  a  few  collections  have  been  sent 
to  me  from  time  to  time  from  new  localities,  and 
I  am  particularly  indebted  to  Mr.  O.  M.  Ball  for 
a  large  collection  obtained  near  Mansfield,  La. 
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Ill  rrt)fossional  Taper  91  I  recorded  342 
sjuvios  i)f  plants  from  the  Wilcox.  In  Profes- 
sional Paper  108-E,  published  in  1917,  species 
o(  Ziimia  and  Nelumbo  were  added.  The 
present  contribution  includes  additional  plants, 
but  as  a  number  of  supposed  species  of  Ficus 
are  now  reduced  lo  sj^nonymy,  the  total  addi- 
tions amount  to  9,  making  353  as  the  number  of 
species  now  recognized  in  the  Wilcox  flora. 

The  descriptions  in  the  present  paper  include 
both  lauraceous  and  sterculiaceous  woods, 
also  strikingly  well  preserved  and  charac- 
U^ristic  lauraceous  fruits.  Other  novelties  are 
a  liven\'ort  (MarchantiteSj)  the  fern  genus 
Dryopterls,  palm  nuts,  the  genus  Monoairpel- 
litfs  (wliich  lielps  to  prove  that  the  lignites  of 
Brandon,  Vt.,  are  Eocene  and  not  Miocene), 
iiri  interesting  fruit  of  the  otherwise  unrep- 
resented family  Icacinaceae,  and  a  second 
wliicli  is  rc^ferred  with  some  hesitation  to  the 
family  Anacardiaceae. 

Tli(»  upper  Wilcox  plant-bearing  bed  in  the 
(in^iada  fonnaticm  near  Grenada,  Grenada 
(younty,  Miss.,  is  at  the  southernmost  point  at 
wlii('h  determinable  fossil  plants  had  been  found 
in  the  Wilcox  in  the  eastern  Gulf  area.  Much 
interest  therefore  attaches  to  a  small  collection 
made  recently  in  southern  Alabama  by  C.  W. 
Cooke  and  J.  A.  Gardner.  The  exact  locality 
is  at  the  wagon  bridge  on  Claybank  Creek  1 
mile  west  of  Clayhatchee,  Dale  County.  This 
is  about  300  miles  southeast  of  Grenada  and 
east  of  the  typical  localities  of  marine  Wilcox 
beds.  The  matrix  is  a  sandy  brown  clay,  and 
the  contained  leaves  are  poor  and  fragmentary. 
Representatives  of  four  different  species  are 
recognizable,  although  but  one  of  these  is 
determinable,  and  this  represents  a  perfect 
leaflet  of  Mimosites  varmhilis  Berry. 

The  following  species  are  recorded  from  the 
Spinks  pit,  near  Paris,  Henry  County,  Tenn. 
The  specimens  occur  in  a  gray  plastic  clay  from 
which  the  entire  leaves  can  bo  washed  and 
mounted  in  balsam  between  glass,  thus  forming 
very  exceptional  specimens: 

Mon()caq)elliU»8  perkinsi  Berry. 
N(M!tandraglenni  Herry. 
C)rc(Kla])hno  salinerisLs  Berry. 
SapinduH  mississipjnenflia  Berr>'. 

The  following  are  additions  to  the  flora  from 
a  locality  1  mile  south  of  Grand  Junction, 
Tonn. : 


Sabalitofl  gray  an  us  Lesquereux. 
Oreodaphne  puryearensis  Berry. 

At  the  time  of  publication  of  Professional 
Paper  91  the  collections  obtained  4  miles  south- 
west of  Boydsville,  Ark.,  were  lost,  and  as  they 
had  only  received  a  preliminary  study  the  list 
of  species  from  that  locality  was  very  incom- 
plete. These  collections  have  since  received 
careful  study,  which  has  shown  that  Ficus 
denvermna  should  be  omitted  from  this  florule 
and  that  the  following  species  should  be  added : 

Anacardites  purv^oaronsis  Berry. 
Apo(^yno])hyllum  missisfdppienaia  Berry. 
Aporynophyllum  wilcoxenae  Berr>\ 
Cinnamomum  oblongatum  Berr\'. 
Cocrolnbis  uviferafoUa  Berrv*. 
ryper*M'itefl  pp. 

Enjrelhardtia  ettingshauseni  Berry. 
Ficus  mississippiensis  ( Lc»squereux)  Berry. 
Ficus  j>si»ud()cuapidata  Berry. 
Ficus  purv'earensis  Berr>'. 
Iliraea  wilcoxiana  Berrv. 

ft 

Juglans  sohimperi  Lesquereux. 
Magnolia  Iwi  Knowlton. 
M\Tcia  vera  Berrv. 
Nectandra  puryearensis  Berr>'. 
Oreodaphne  mississippiensis  Berry. 
Palmocarpon  butlerensis  Berr>'. 
Sapindus  mississippiensis  Berry. 
Temstroemit^s  eoligniticus  Berry. 

These  all  serve  to  emphasize  the  late  Wilcox 
age  of  the  Boydsville  florule. 

At  a  locality  near  Jacksonville,  in  Pulaski 
County,  Ark.,  L.*  W.  Stephenson  collected  the 
following  species,  which  prove  the  outcrop  to 
be  of  upper  Wilcox  age: 

Celastrus  taurinensis  Ward. 

Cordia?  lowii  Berrv? 

Dillenites  microdentatus  (Ilollick)  Berry. 

Euonymus  splendens  Berry. 

Ficus  harrisiana  Ilollick. 

Marchantitt»s  stophensoni  Berry. 

Nectandra  cf.  N.  glenni  Berrj-. 

Nectandra  sp. 

Oreodaphne  obtusifolia  Berry. 

In  material  from  a  gray  plastic  clay  at  304 
to  319  feet  below  the  surface  in  a  well  at 
Negreet,  9  miles  southwest  of  Many,  Sabine 
Parish,  La.,  I  recognized  the  two  following 
Wilcox  species: 

Pteris  pseudopinnaeformis  Lesquereux. 
Siraaruba  ooconica  Berrv. 

ft 

The  following  plants  were  collected  by  O.  M. 
Ball  at  the  Goss  pit,  half  a  mile  east  of  Mans- 
field, De  Soto  Parish,  La. : 
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ApocynophyUum  miflsiaBippieiifiis  Berry. 

Artocarpoides  balli  Berry. 

BombadteB  formoeuB  Berry. 

Diospyros  wilcoxiana  Berry. 

Dryopteris  cladophleboides  Knowlton. 

Dryophyllum  sp. 

£uon3rmu8  splendens  Berry. 

Ficus  artocarpoides  Lesquereux. 

Ficus  missisBippiensiB  (Lesquereux)  Berry. 

Inga  laurinafolia  Berry. 

Juglans  schimperi  Lesquereux. 

Laurus  vera  Berry. 

Magnolia  angustifolia  Newberr>'. 

Magnolia  leei  Knowlton. 

Metopium  wilcoxianum  Perry. 

Oreodaphne  salinensis  Berr>'. 

Rhamnus  eoligniticus  Berry. 

Rhamnus  marginatus  Lesquereux. 

Rhamnus  marginatus  apiculatus  Berry. 

Rhamnites  knowltoni  Berr>*. 

Sterculia  wilcoxensis  Berrj-. 

Sterculiocarpus  eocenicus  Berr>'. 

Terminalia  hilgardiana  (Lesquereux)  Berr\'. 

Terminalia  lesleyana  (Lesquereux)  Berr\'. 

The  following  were  contained  in  a  collection 
from  a  locality  10  miles  south-southwest  of 
Palestine,  Anderson  County,  Tex.,  in  Post  Oak 
Prairie,  2  miles  south  of  Needmore  (collectors, 
O.  B.  Hopkins  and  O.  C.  Fimderbimk) : 

Oanavalia  eocenica  Berry? 

Lygodium  binervatum  (Lesquereux)  Berry. 

Nectandra  pseudocoriacea  Berry? 

The  following  were  sent  in  by  the  last-named 
collectors  from  the  Butler  (or  West  Point) 
salt  dome,  in  the  eastern  part  of  Freestone 
County,  near  Trinity  River,  6  miles  northeast 
of  Oakville,  Tex. : 

Mespilodaphne  cx)U8hatta  Berr>'? 
Palmocarpon  butlerensis  Berry. 
Proteoides  wilcoxensis  Berr>\ 
Sophora  repandifolia  Berr}'? 
Calatoloides  eocenicum  Berr>'. 

The  following  localities  in  central  and  south- 
western Texas  deserve  some  special  comment, 
as  no  collections  have  heretofore  been  made 
from  them  and  they  show  conclusively  that 
the  Carrizo  sandstone  is  of  upper  Wilcox  age, 
but  that  it  is  in  the  nature  of  a  lens  which 
becomes  thinner  toward  the  Rio  Grande,  where 
its  upper  part  is  replaced  by  more  typical 
and  more  argillaceous  Wilcox  beds  that  also 
carry  characteristic  fossil  plants. 

Fossil  plants  were  reported  by  Baker  from 
the  Elmendorf  clay  pit,  south  of  San  Antonio, 
in  Bexar  County.  This  pit  was  not  being 
worked  in  1921  and  was  partly  full  of  water, 


about  25  feet  of  grayish  laminated  sandy  clay 
with  local  more  argillaceous  and  darker  lenses 
carrying  leaves  being  all  that  was  exposed. 
These  leaves  were  poorly  preserved,  and  the 
only  species  recognized  are  Ficus  mississippi- 
ensis  (Lesquereux)  Berry,  Nectandra  sp.,  and 
Sapindus  linearifolius  Berry.  The  manager 
of  the  Elmendorf  plant  informed  me  that  the 
clay  formerly  mined  came  from  the  flooded 
part  of  the  pit  and  was  full  of  impressions  of 
leaves. 

The  Wilcox  is  well  exposed  along  Nueces 
River  in  Zavalla  County.  Fossil  plants  were 
collected  from  the  right  bank  1  mile  below  the 
PuUiam  ranch  house.  The  following  species 
are  represented : 

Anona  ampla  Berry. 
Anona  eolignitica  Berry. 
Cyperites  sp.  Hollick. 
Oreodaphne  obtusifolia  Berry. 
Sabalites  grayanus  Lesquereux. 
Sapindus  linearifolius  Berry. 

Sandy  lenses  contain  many  SabalUeSy  some  of 
large  size.  One  rachis  of  this  species  observed 
was  2i  inches  in  diameter  at  one  end  and  4 
inches  at  the  other.  These  species  indicate  a 
late  Wilcox  age  and  show  the  transgressive 
character  of  the  beds,  as  the  Midway  appears  to 
be  absent  on  the  Nueces,  the  Wilcox  resting  on 
the  Cretaceous  and  not  far  above  the  con- 
spicuous reef  of  Ostrea  cortex  just  above  the 
San  Antonio,  Uvalde  &  Gulf  Railroad  bridge. 

From  Story's  ranch  to  La  Pryor  crossing 
there  is  a  long  exposure  of  typical  Wilcox  beds, 
especially  along  the  left  bank  of  the  Nueces  for 
about  2  miles  above  the  crossing.  Fossil 
plants  are  abundant  but  so  poorly  preserved 
that  no  collections  were  made,  although  several 
Wilcox  species  were  recognized. 

From  the  crossing  southward  the  Carrizo 
sandstone  is  exposed.  At  an  outcrop  in  a 
deep  arroyo  along  the  left  bank  1 J  miles  south 
of  the  crossing  there  is  an  exposure  of  about  30 
feet  of  buff  heavily  bedded  and  prominently 
cross-bedded  sand.  At  the  base  of  this  sand 
3  to  4  feet  of  a  small  brownish  clay  lens  is 
visible.  This  lens,  which  is  stratigraphically 
above  the  ferruginous  quartzite  sand  exposed 
at  the  crossing,  is  full  of  leaves.  The  follow- 
ing species,  which  indicate  upper  Wilcox  age, 
were  collected : 

Banksia  puryearensis  Berry. 
Eugenia  grenadensis  Berry. 
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Gleditsiophyllum  eocenicum  Berry. 
Mespilodaphne  conshatta  Beny. 
Myrda  vera  Berry. 

Persea  longipetiolatum  (Hollick)  Berry. 
Sabalites  grayaniis  Leequereux. 

The  type  exposure  of  the  Carrizo  sandstone 
is  in  the  quarries  about  half  a  mile  west  of 
Carrizo  Springs,  in  Dimmit  County.  This,  as 
well  as  the  numerous  other  exposures  of 
Carrizo  and  other  Wilcox  deposits  in  south- 
western Texas,  will  be  described  in  detail  in 
A.  C.  Trowbridge \s  report  on  this  region. 

From  the  Carrizo  sandstone  at  the  type  local- 
ity the  followmg  species  were  collected : 

Acroetichum  sp. 
Anona  ampla  Berry. 
Anona  wilcoxiana  Berry. 
Oanavalia  eocenica  Berrv? 
Cassia  tennesseensis  Berrv. 
Cinnamomum  vera  Berry? 
Dryophylliim  tennesseensis  Berry? 
Ficus  mississippiensis  (Lesqiiereux)  Berry. 
Nectandra  pseiidocoriacea  Berry. 
Oreodaphne  obtnsifolia  Berry. 
Oreodaphne  puryearensis  Berry. 
Palmocarpon  butlerensis  Berry. 
Pterobalanus  texanus  Berry. 
Sabalites  gray  anus  Lreequereux. 
Sophora  wilcoxiana  Berry. 
Sterculia  wilcoxensis  Berry. 

The  foregoing  list  represents  a  typical  upper 
Wilcox  flora.  Fragments  of  leaves  are  not  at 
all  unconmion  in  the  hard  sandstones  of  the 
Carrizo  and  were  observed  at  a  considerable 
number  of  additional  outcrops,  but  the  hard- 
ness of  the  material  rendered  collecting  diffi- 
cult, and  the  coarseness  of  the  matrix,  which 
obliterated  the  venation,  made  the  determina- 
tions inconclusive.  Nowhere,  however,  did 
these  fragments  suggest  Claiborne  forms,  but 
all  were  believed  to  represent  well-known  up- 
per Wilcox  species. 

Near  the  Rio  Grande  the  Carrizo  sandstone 
becomes  thin  and  is  overlain  by  beds  showing 
more  typical  Wilcox  lithology.  A  section  on 
Concillas  Creek  a  quarter  of  a  mile  above  its 
mouth,  in  W^ebb  County,  exposes  the  following 
materials : 

Sandstone. 

Brownish  laminated  clay  with  leaves. 

IajchI  unconformity. 

Kipple-marked  sandstone. 

Clay  parting. 

Sandstone  with  sticks  and  leaf  fragments. 

Gray  clay. 


From  the  brownish  clay  above  the  local  un- 
conformitv,  not  far  below  the  Wilcox-Mount 
Selman  contact,  the  following  plants  were 
collected : 

Anacardites  grevilleafolia  Berry. 
Banksia  puryearensis  Berry. 
Cassia  marshallensis  Berry. 
Cyperites  sp.  Ilollick. 
Inga  wickliffensis  Berry? 
Juglans  schimperi  I^esquereux. 
Mimosites  variabilis  Berry. 
Mimuwps  mississippiensis  Berry. 
MjTica  wilcoxensis  Berry. 
Sabalites  grayanus  T^esquereux. 
Sophora  wilcoxiana  Berry. 

From  the  sandstone  two  excellent  speci- 
mens of  Carina  eocenica  Berry  were  collected. 
The  whole  section  is  clearly  upper  Wilcox  in 
age. 

From  Elm  Creek  on  the  Schuddemagen 
ranch,  in  eastern  Uvalde  County,  considerably 
above  the  Cretaceous-Midway  contact  de- 
scribed by  Stephenson,'  a  single  specimen  of 
Rhamnus  causJiaita  Berry  was  collected.  This 
is  a  typical  upper  Wilcox  form  and  suggests 
that  the  Midway  is  unusually  thin  in  this  sec- 
tion, which  is  in  conformity  with  its  entire  ab- 
sence on  the  Nueces. 

A  systematic  account  of  the  new  or  note- 
worthy species  of  plants  that  have  been  added 
to  the  flora  of  the  Wilcox  group  and  are  dis- 
cussed in  the  present  contribution  is  given 
below. 

Phylnm  BBTOPHTTA. 

Class  HSPATICAB. 

Order  MABCHANTIALES. 

Genus  MABCHAKTITES  BiongniArt 

Marchantites  stephensoni  Berry,  n.  sp. 

Plate  IV,  figure  1. 

Plant  body  thallose,  consisting  of  a  linear, 
repeatedly  dichotomously  forked  thallus  thick- 
ened medianly  and  with  somewhat  irregularly 
placed  oblique  and  transverse  markings,  be- 
lieved to  represent  appressed  rhizoids. 

The  material  is  scanty  and  of  slight  botanic 
importance.  Except  that  the  margins  are 
straighter  the  present  form  is  indistinguishable 
from  Marchantia  sezannensis  Brongniart,*  from 

« Stephenson,  L.  W.,  U.  S.  Geol.  Survey  Prof.  Paper  90,  p.  177, 1915. 
*  Saporta,  G.  do,  Prodrome  d'une  flore  fossile  des  travertinB  •nctooi 
do  Sezanne,  p.  3as  pi.  1,  figs.  1-8,  1S68. 
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Ooniopterisy  of  which  there  is  a  very  characteris- 
tic form  in  the  Claiborne.®  The  dryopterids  are 
widely  distributed  and  mainly  tropical,  although 
Christensen's  subgenus  Eudryopteris,  with  about 
100  species,  is  largely  confined  to  the  North 
Temperate  Zone. 

Occurrence:  Goss  pit,  half  a  mile  east  of 
Mansfield,  Dc  Soto  Parish,  La.;  collected  by 
O.  M.  Ball. 

Genus  ACBOSTICHTJM  LiiinC. 
Acrostichum  sp. 

This  characteristic  fern  genus  is  represented 
in  the  Wilcox  by  a  single  fragment,  too  small 
for  determination  or  description  but  showing 
the  areolatioh  of  this  genus.  It  is  a  strand 
type  well  represented  in  the  Claiborne,  Jack- 
son, and  Catahoula  of  the  embayment  area, 
and  its  unaccountable  absence  among  the 
strand  types  in  the  Wilcox  was  the  occasion 
for  comment  in  the  former  discussions  of  this 
flora.  The  present  fragment  adds  this  in- 
teresting type  to  the  Wilcox  flora  and  raises 
the  number  of  fern  species  known  in  this 
flora  to  eight. 

Occurrence:  Carrizo  sandstone,  half  a  mile 
west  of  Carrizo  Springs,  Dimmit  County,  Tex. 

Phylum  CONIFEBOPHYTA. 

Order  PINALSS. 

FamUy  TAZODIACEAE. 

Genus  CUPBSSSINOXYLON  Goeppert. 

[Monographie  der  foesilen  Coniferen,  p.  190,  1850.] 

Coniferous  wood  composed  of  tracheids  and  xylem  p)aren- 
chyma  only.  In  the  tracheid  walls  the  pits  are  generally 
round,  bordered,  and  isolated,  in  one  row;  if  in  two  rows 
th^  pits  stand  in  adjacent  pairs  and  are  not  alternating  or 
compressed.  Sanio's  rims  often  conspiaious.  Normal 
resin  canals  entirely  absent.  Resin  containing  xylem 
parenchyma  present,  generally  in  large  quantities,  and 
scattered  all  through  the  wood.  Medullar)'  rays  unise- 
riate;  a  few  may  be  partly  biseriate.  The  cells  of  the  rays 
all  alike,  generally  smooth- walled,  and  without  abietinean 
pitting  ( which  is  present  in  a  few  species) ;  pits  in  the  radial 
walls  of  the  rays  generally  circular  or  oval,  simple,  small, 
and  in  groups  of  one  to  six,  seldom  more,  per  tracheid 
field." 

Cupresslnoxylon  wilcoxense  Berry,  n.  sp. 

Plates  1-1 II. 

Trunks,  many  of  them  of  large  size,  prere- 
senting  this  species  are  extronioly  common  in 

«  Berry,  E.  W.,  Torrcy  Bot.  Club  Bull.,  vol.  41.  i>i).  33l-:i3.'»,  pi.  22.  iyi7. 
'  Slopes,  M.  C,  The  Cretaceous  flora:  Britbh  Mus.  Cat.,  pt.2,  p.  IdT, 
1915. 


the  upper  Wilcox  sands  of  Louisiana.    They 
have  in  general  suffered  much  from  decay  be- 
fore silicification,  but  some  specimens  are  ex- 
ceedingly well  preserved.     They  are  remarkable 
chiefly  for  the  great  variation  in  the  width  of 
the  zone  of  spring  wood  and  the  well-marked  or 
ahnost  complete   absence   of  summer  wood. 
Thus  in  the  sections  figured  the  zone  of  spring 
wood  ranges  from  5  or  6  radial  rows  of  tracheids 
to  23  or  24  rows,  while  the  summer  wood  con- 
sists of  3  or  4  rows.     In  other  specimens,  no- 
tably two  (Nos.  206,  211)  from  the  vicinity  of 
Naborton,  La.,  the  spring  wood  consists  of  45  to 
70  radial  rows  of  tracheids  of  uniform  size  sepa- 
rated by  two  rows  of  summer  M'^ood  in  which 
the  size  of  the  tracheids  or  the  cell  lumen  is  so 
slightly   reduced    that   a   seasonal   change   is 
scarcely  marked.     These  woods  all  come  from 
the  same  horizon,  and  their  variation  can  not 
be  explained  by  the  -well-known  differences  in 
the  annual  rings  of  upland  and  lowland  forms 
of  the  same  species  of  conifers,  for  it  is  known 
that  the  Wilcox  land  surface  was  low,  the  near- 
est uplands  at  that  time  being  in  the  Rocky 
Mountain  region.     It  is  of  course  possible  that 
the  present  species  extended  its  range  westward 
through  Colorado  and  that  some  of  these  large 
trunks  may  have  been  brought  down  from  the 
west  by  river  floods,  for  at  the  present  time 
Red  River  reaches  nearly  to  the  New  Mexico 
boundary,   and   the  headwaters  of  Arkansas 
River  reach   the  foothills  of  the  Sangre  de 
Cristo   Mountains   and  the   Front   Range  in 
central  and  southern  Colorado.     In  general  the 
best-preserved   material  shows   the  narrower 
and  more  marked  growth  rings,  but  both  types 
are  found  in  all  stages  of  decay,  so   that  no 
reliable  conclusions  can  be  drawn. 

Transverse  section :  Growth  rings  feebly  de- 
veloped or  well  marked,  variable  in  width  im 
individual   specimens.     Spring  wood   of  rela- 
tively large,  thin-walled,  mostly  isodiametric^ 
tracheids    and    xylem   parenchyma,    the    two 
elements  not  distmguishable  in  this  sectiotx, 
arranged  in  radial  rows  of  5  to  70  cells,  aver — 
aging    10   or    12.     Cell    outlines    roimd   within 
wide  lumen;    diameter  variable  for  differdxi.t^ 
radial  rows  but  in  general  uniform  for  eaoli 
row,  ranging  from  0.025  to  0.975  millimet#er. 
Summer  wood  consisting  of  two  to  four  rows  of 
somewhat   reduced    tracheids    with   narro^wrer 
lumen  or  in  some  specimens  scarcely  reduced 
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or  narrowed  and  consisting  of  only  one  or  two 
TOWS  of  cells. 

Radial  section:  Tracheids  with  one  or  two 
rows  of  mostly  well-spaced  circular-bordered 
pits.     When  in  single  rows  the  pits  are  some- 
what lai^er,  and  when  in  double  rows  the  pits 
are  abnost  invariably  in  pairs,  although  occa- 
sionally they  may  alternate  for  a  short  distance, 
as  in   the   specimen   figured;     usually    well- 
spaced  occasional  rows  are  in  contact,  as  shown 
in  the  figure.     The  rims  of  Sanio   are  often 
prominently  shown  in  the  sections  of  the  tan- 
gential walls.     The  septate  xylem  parenchyma 
is  conspicuous  in  this  section,   the  partitions 
being  at  right  angles  to  the  walls  and  from 
three  to  four  times  the  diameter  or  slightly 
farther  apart,  usually  containing  more  or  less 
resin.     The  diameter  of  the  xylem  parenchyma 
is  about  the  same  as  that  of  the  tracheids  but 
may  be  slightly  greater.     It  is  not  excessively 
abundant,  as  in  some  other  species  of  Cupres- 
sinoxylon,  nor  is  it  generally  completely  filled 
with  resin.     No  traumatic  or  other  resin  canals 
are  observable.     Ray  cells  uniform  in  character 
seem  to  be  radially  elongated,  with  a  radial 
length  of  1}  to  2  tracheid  fields  and  a  height 
about    one-fourth    their    length.     End    walls 
smooth   (without  abietinean  pitting),   mostly 
transverse  and  rarely  much  oblique;    one  or 
more  in  each  ray  partly  resiniferous;    radial 
walls  with  two  small  oval  pits  per  tracheid 
Beld;    these  pits  are  relatively  large  for  this 
^enus    and    appear   to   have    their   long   axis 
Liniformly  inclined  about  40°  from  the  vertical. 
Tangential    section:    The    distribution    and 
relative  abundance  and  variation  in  the  rays 
Bfcre  well  shown  in  the  figure  of  a  large  area 
lander  low  magnification  (20  diameters).     The 
rajrs    are   uniformly   uniseriate,    of   relatively 
L«irge,  thin-walled,  roundish  quadrangular  cells, 
3ne  or  more  of  which  may  be  resiniferous ;  they 
r«iige  in  height  from  2  to  17  cells  and  consist 
prevailingly  of  alternations  of  rays  2  to  4  cells 
xigh  with  those  of  rays  6  to  8  cells  high.     There 
i^e    rarely   four   rows    of    tracheids   between 
wljacent  rays,  the  normal  number  being  two. 
nhe  xylem  parenchyma,  as  in  the  radial  sec- 
ions,    is   generally   bordered    by    rays.     The 
angential  walls  of  the  tracheids  are  marked 
^th  circular-bordered  pits  about  one-half  the 
of  the  pits  on  the  radial  walls.     These  pits 
usually  in  a  single  rov"  and  well  spaced,  but 


they  may  be  in  juxtaposition  for  a  short  dis- 
tance or  in  double  rows,  either  in  pairs  or 
alternating  for  short  distances,  as  shown  in  the 
enlarged  figure.  In  this  section  the  rotted  and 
spirally  fractured  walls  of  the  tracheids  are  very 
obvious,  and  care  is  necessary  to  distinguish 
them  when  in  this  condition  from  normal 
spirally  thickened  tracheids,  which  are  not 
present  in  this  genus.  In  this  section  the 
cross  sections  of  the  bordered  pits  of  the  radial 
walls  of  the  tracheids  often  come  out  beauti- 
fully, and  they  can  even  be  seen  in  the  figure 
enlarged  but  20  times. 

This  well-marked  species  is  perfectly  dis- 
tinct from  Cupressinoxylon  calli,  described  by 
Knowlton  ®  from  material  collected  in  beds  of 
possible  Wilcox  age  in  Arkansas.  It  also 
appears  to  be  unlike  the  rather  numerous  de- 
scribed species  of  Cupressinoxylon  from  other 
horizons  or  areas.  The  incompleteness  of 
large  numbers  of  the  descriptions  of  pre- 
viously known  forms  renders  detailed  com- 
parisons futUe.  The  distinction  between  the 
present  species  and  those  forms  of  fossil  wood 
referred  to  the  genus  Podocarpoxylon  Gothan, 
as  amended  by  Stopes  ®  to  include  Gothan's 
Podocarpoxylon  and  Phyllocladoxylonj  are  not 
especially  obvious  and  rest  on  the  size,  form, 
and  number  of  the  pits  on  the  radial  walls  of 
the  ray  cells,  which  are  larger,  fewer,  and  more 
eccentric  in  Podocarpoxylon,  More  recently 
Seward  *°  has  proposed  the  form  genus  Mesem- 
brioxylon  for  these.  These  differences  are  all 
relative  and  hardly  generic  in  character,  as  a 
series  of  species  can  be  selected  which  connect 
the  extremes. 

In  the  present  state  of  our  knowledge  of  wood 
anatomy,  even  among  the  comparatively  well 
known  group  of  conifers,  it  is  not  feasible  to 
attempt  to  point  out  the  most  closely  alUed 
existing  representative  of  the  present  species. 

The  genera  Glyptostrobus  and  Tdxodium  are 
represented  by  foliage  and  seeds  in  the  Wilcox, 
and  it  may  well  be  that  this  abundant  wood 
type  represents  one  or  the  other  of  these 
genera. 

Occurrence:  Caddo  and  De  Soto  parishes. 
La.     Figured  specimens,  northwest  corner  sec. 

"  Knowlton,  F.  II.,  Arkansas  State  Geologist  Ann.  Rept.  for  1889, 
vol.  2,  p.  254,  pi.  9,  fips.  3-7,  1891. 

»  Stopes,  M.  C,  The  Cretaceous  flora:  British  Mus.  Cat.,  pt.  2,  p.  210, 
1915, 

"  Seward,  A.  C,  Fossil  plants,  vol.  4,  p.  173,  1919. 
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36,  a  quarter  of  a  mile  south  of  Slaughter  Pen 
Bluff,  Caddo  Lake  (201) ;  Shreveport  (210,  269). 
Other  specimens.  Slaughter  Pen  Bluff,  Caddo 
Lake  (203) ;  6  miles  southeast  of  Naborton  (205, 
206) ;  4^  miles  southeast  of  Naborton  (216) ;  4 
miles  southeast  of  Naborton  (208) ;  3  miles  south- 
east of  Naborton  (209, 2 11);  2J  miles  southeast  of 
Naborton  (204) ;  1  mile  southeast  of  Naborton 
(268) ;  half  a  mile  southeast  of  Naborton  (213) ; 
6  miles  southeast  of  Mansfield  (270) ;  1^  miles 
north  of  Mansfield  (260). 

Phylum  ANGIOSPEBMOPHYTA. 

Class  MONOCOTTLEDONAE. 

Order  ARECALES. 

Family  ABECACEAE. 

Oenus  PALMOCABPON  Lesquereux. 

Palmocarpon  butierensis  Berry,  n.  sp. 

Plate  IV,  figures  2-4. 

Fruit  apparently  a  small,  thin-fieshed  drupe, 
in  form  a  prolate  spheroid — the  long  diameter 
less  than  one-half  greater  than  the  short  di- 
ameter. Varying  considerably  in  size.  Sur- 
face of  the  stone  dark  in  color  (possibly  a 
secondary  feature),  conspicuously  papillose. 
Hilum  large.  Minimum  dimensions  4  by  5 
millimeters;  maximum  14  by  18  millimeters. 
Abundant  but  generally  slightly  deformed. 
Specific  name  in  allusion  to  the  name  of  the 
salt  dome  from  which  the  material  was  col- 
lected. 

This  form  is  very  similar  to  Palmocarpon 
truncatumy  from  Golden,  Colo.,  described  by 
Lesquereux  in  1878  and  supposed  to  have 
come  from  the  Denver  formation.  There  is  the 
same  variation  in  size  in  both,  and  although 
Lesquereux  makes  the  flattening  of  the  Golden 
specimens  a  specific  character  this  is  of  doubts 
ful  validity,  as  he  states  that  the  specimens 
were  generally  crushed.  I  would  have  referred 
these  Wilcox  fruits  to  Palmocarpon  iruncaium 
except  for  the  definite  and  repeated  statement 
by  Lesquereux  that  the  Golden  form  was 
smooth,  which  the  Wilcox  form  is  not.  In  any 
event  the  two  are  closely  related.  Lesque- 
reux "  compared  the  Golden  forms  with  the 
fruits  of  the  existing  Sahal  m£xicana  Martins, 
and  similarly  the  Wilcox  fruits  may  be  those 
of  Sahal.    Leaves  of  Sahalites  gray  anus  Lesque- 

"  Lesqueretix,  Leo,  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr. 
Bept.,  vol.  7,  p.  120,  pi.  11,  figs.  &-0, 1878. 


reux  are  widespread  in  the  Wilcox,  but  they 
are  not  conclusively  known  to  be  related  to 
Sahal.  Moreover,  very  many  modem  pabns 
have  racemes  of  small  fruits  very  similar  to  the 
present  fossils.  To  mention  but  a  few  familiar 
existing  species  with  fruits  very  close  to  the 
fossil  I  may  cite  our  dwarf  saw  palmetto, 
Serenoa  serrulata  (Michaux)  Hooker;  the  royal 
palm,  Roystonea  regia  (H.  B.  K.)  Cook;  the 
goose-neck  palmetto,  Sabal  etonia  Swingle; 
and  the  cabbage  palmetto,  Saial  palmetta 
(Walter)  Roemer  and  Schultes. 

Occurrence:  Butler  salt  dome,  6  miles  north- 
east of  Oakville,  Freestone  County,  Tex.;  4 
miles  southwest  of  Boydsville,  Ark.;  Carrizo 
sandstone  half  a  mile  west  of  Carrizo  Springs, 
Dimmit  County,  Tex. 

Class  DICOTTLEDONAE. 

Order  UBTICALES. 

Family  MOBACEAE. 

Genas  ASTOCAEPOIDES  Saporta. 

Artocarpoides  balli  Barry,  n.  sp. 

Plate  IV,  figures  8-10;  Plate  V. 

Leaves  of  variable  size,  ovate,  with  a  broadly 
rounded  base,  which  is  sometimes  slightly 
inequilateral,  and  a  narrowed  and  apiculate 
tip.  Margins  entire,  slightly  imdulate.  Tex- 
ture subcoriaceous.  Petiole  invariably  missing. 
Midrib  stout,  very  prominent  on  the  lower 
surface  of  the  leaf.  Secondaries  stout  and 
prominent,  9  to  15  pairs,  opposite  to  alternate, 
approximately  equally  spaced  and  subparallel, 
the  basal  one  or  two  pairs  at  right  angles  to  the 
midrib,  becoming  regularly  more  ascending 
toward  the  upper  part  of  the  leaf,  relatively- 
straight  at  first,  becoming  curved  in  the  mar- 
ginal region  and  eventually  camptodrome  close 
to  the  margins.  Tertiaides  well  marked,  closely 
spaced,  percurrent.  Areolation  well  marked, 
quadrangular. 

The  smallest  leaves  referred  to  this  species 
are  only  4  centimeters  in  length  and  2  centi- 
meters in  maximum  width;  the  largest  is  24 
centimeters  in  length  and  10  centimeters  in 
maximum  width.  There  are  six  specimens  of 
various  sizes  in  the  collection,  and  all  preserve 
their  specific  features  unchanged.  The  type 
is  well  marked  and  clearly  different  from  pre- 
viously described  members  of  the  Wilcox 
flora.     A  species  from  Puryear,   Tenn.,   waa 
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described  as  Artocarpoides  wUcoxensis,^^  This 
i^-as  more  elliptical  in  outline,  widest  medianly 
and  pointed  at  both  ends,  with  fewer,  thinner 
secondaries,  less  closely  set  tertiaries,  and  more 
open  areolation. 

The  genus  Artocarpoides  was  foimded  by 
Saporta  for  certain  forms  from  the  Paleocene 
of  Suzanne,  France,  that  he  compared  with  the 
existing  entire-leafed  species  of  Artocarpus, 
which  they  really  greatly  resemble.  Schenk  " 
considered  them  to  bo  related  to  the  Juglanda- 
ceae,  but  I  fail  to  see  any  basis  for  this  com- 
parison. Among  the  French  forms  a  consider- 
able resemblance  to  the  present  species  is 
shown  by  Artocarpoides  conocephaloidea  Sa- 
porta,^* a  relatively  small  form,  and  a  very 
great  resemblance  by  Protojicus  sezannensis  Sa.- 
porta^*  and  P.  insignis  Saporta.*®  Among 
existing  forms  of  Moraceae  considerable  re- 
semblance is  also  shown  by  the  tropical  Ameri- 
can genus  Brosimum  Swartz,  which  ranges  from 
the  West  Indies  and  Central  America  to  Brazil, 
and  the  tropical  American  genus  Coussapoa 
Aublet,  which  has  about  15  existing  species 
with  a  similar  range  and  which  is  found  fossU 
in  the  Tertiary  of  Venezuela,  southern  Mexico 
(Miocene  and  Pliocene) ,  and  Bolivia.  For  ex- 
ample, the  present  species  resembles  a  tropi- 
cal American  leaf  figured  by  Ettingshausen  and 
called  Ariocarpus  rigida  Linn6.  Whether 
Ettingshausen  confused  the  oriental  Artocarpus 
rigida  of  Blume  or  whether  his  leaf  was  an 
American  species  of  Coussapoa  or  some  related 
genus  I  do  not  know,  nor  is  it  material,  for  in 
any  case  the  resemblance  between  the  fossil 
and  certain  recent  Moraceae  is  emphasized. 

It  is  possible  that  these  Wilcox  forms  are 
more  closely  related  to  these  last-named  genera 
than  they  are  to  Artocarpus,  but  they  are 
surely  referable  to  the  Moraceae. 

The  present  species  is  named  for  the  col- 
lector, Prof.  O.  M.  Ball. 

Occurrence:  Goss  pit,  half  a  mile  east  of 
Mansfield,  De  Soto  Parish,  La.;  collected  by 
O.  M.  BaU. 


r,  E.  W.,  U.  8.  G«ol.  Survey  Prof.  Paper  91,  p.  IIM,  pi.  109, 
fig.  5,  1916. 
u  Schenk,  August,  Palaeopbytologie,  pp.  451,  477, 1890. 
M  Sftporta,  O.  de,  op.  dt.,  p.  68,  pi.  7,  fig.  6, 1868. 
u  Idem,  p.  67,  pi.  6,  fig.  1. 
u  Idem,  p.  68,  pi.  6,  figs.  2-4. 


Oenus  PICUS  LINK£. 
Ficus  mississippiensis  (Lesquereux)  Berry. 

Plates  VI,  VII,  and  VIII. 

Cinnamomxcm    mis8is»ippiensis    Lesquereux,    in    Dana, 

Manual  of  geology,  Ist  ed.,  p.  513,  fig.  794,  1866; 

Am.  Philos.  Soc.  Trans.,  vol.  13,  p.  418,  pi.  19, 

fig.  2,  1869. 
Knowlton,  Am.  Greologist,  vol.  16,  p.  308,  1895;  U.  S. 

Geo!.  Survey  Prof.  Paper  101,  p.  320,  pi.  89,  fig.  2, 

1917. 
Berry y  U.  S.  Geo).  Survey  Prof.  Paper  91,  p.  298, 

pi.  37,  fig.  2,  1916. 
Ficus  planicostata   Lesquereux,  U.  S.  Geol.  and   Geog. 

Survey  Terr.  Ann.  Rept.  for  1872,  p.  393,  1873; 

Tertiary  flora,  p.  201,  pi.  31,  figs.  1-8,  10-12,  1878. 
?Newberr>',  U.S.  Geol.  Survey  Mon.  35,  p.  88,  pi.  46, 

fig.  1,  1898. 
Cockerell,  Colorado  Univ.  Studies,  vol.  7,  p.  151, 1910. 
Ficus  cUntani  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 

Terr.  Ann.  Rept.  for  1872,  p.  393,  1873. 
Ficus  plajiicostata  goldiana  Lesquereux,  idem  for  1873, 

p.  399,  1874;  Tertiar>-  flora,  p.  202,  pi.  33,  figs.  1-3, 

1878. 
Fiais  pseudopopuhis  Lesquereux,  U.  S.  Geol.  and  Geog. 

Survey  Terr.  Bull.,  vol.  1,  p.  387, 1875;  idem,  Ann. 

Rept.  for  1874,  p.  313,  1876;  Tertiary  flora,  p.  204, 

pi  34,  figs,  la,  2. 
Berr>',  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  200,  pi.  37, 

figs.  3-5;  pi.  113,  fig.  3,  1916. 
Knowlton,  U.  S.  Geol.  Survey  Prof.  Paper  101,  p.  304, 

pi.  72,  figs.  2-4;  pi.  73,  figs.  1,  2;  pi.  112,  fig.  3,  1918. 
Ficus    ocddentalis    (Lesquereux)    Lesquereux,   Tertiary 

flora,  p.  200,  pi.  32,  fig.  4,  1878;  Mus.  Comp.  Zool. 

Bull.,  vol.  16,  p.  50,  1888. 
Penhallow,    Report    on   Tertiary   plants   of   British 

Columbia,  p.  55,  1908. 
Berry,  U.  S.  Geol.  Survey  Prof.  Paper  91,  pp.  121, 

197,  pi.  28,  fig.  3,  1916. 
Knowlton,  U.S.  Geol.  Survey  Prof.  Paper  101,  p.  331, 

pi.  72,  fig.  1,  1918. 
Domheyopsis  ocddentalis  Lesquereux,   U.   S.   Geol.  and 

Geol.  Survey  Terr.  Ann.  Rept.  for  1872,  p.  380, 1873. 
Ficus  planicostata  clintoni  Knowlton,  U.  S.  Geol.  Survey 

Bull.  152,  p.  103,  1898;  U.  S.  Geol.  Survey  Prof. 

Paper  191,  p.  303,  pi.  76,  fig.  3,  1918. 
Ficus  planicostata  latifolia,  Lesquereux,  U.  S.  Geol.  and 

Geog.  Survey  Terr.  Ann.  Rept.  for  1872,  p.  393, 

1873;  Tertiary  flora,  p.  202,  pi.  31,  fig.  9,  1878. 
Berry,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  199, 1916. 
Ficu»  latifolia  Knowlton  (not  Kunth,  1846),  U.  S.  Geol. 

Survey  Bull.  152,  p.  102,  1898;  U.  S.  Geol.  Survey 

Prof.  Paper  101,  p.  304,  1917. 
Ficus  cockerelli  Knowlton,  U.  S.  Geol.  Survey  Bull.  696, 

p.  273,  1919. 
Ficus  planicostata  maxima  Berry,  U.  S.  Geol.  Survey  Prof. 

Paper  91,  p.  199,  pi.  34,  fig.  3, 1916. 
Fiais  planicostata  Lesquereux.    HoUick,  Louisiana  Geol. 

Survey  Special  Rept.,  p.  282,  pi.  36,  1888. 
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Ficm  neoplanicostata  Knowlton,  U.  S.  Geol.  Survey  Prof. 

Paper  101,  p.  303,  pi.  73,  fig.  4;  pi.  74,  figs.  2,  3;  pi. 

76,  fig.  4,  1918. 
Berry,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  198, 

pi.  114,  fig.  1,  1916. 
Ficu8  Tichardsoni  Knowlton,  U.  S.  Geol.  Survey  Prof. 

Paper  101,  p.  305,  pi.  76,  fig.  1,  1918. 

It  would  seem  that  if  the  systematic  work  of 
paleobotany  is  to  be  made  available  for  the 
general  pmposes  of  geology  and  botany  the 
paleobotanist  must  take  the  time  to  coordinate 
and  digest  the  results  of  the  work  on  local 
floras.  There  are  certain  general  principles 
that  should  guide  workers  in  foimding  new 
species,  and  I  am  thoroughly  in  accord  with 
the  principle  which  holds  that  analysis  should 
precede  synthesis,  and  that  in  describing  speci- 
mens from  a  new  horizon  or  a  remote  geo- 
graphic locality  the  presumption  should  pre- 
vail that  they  are  distinct  from  previously 
described  forms  unless  identity  can  be  con- 
clusively shown.  Likewise  there  are  certain 
.  forms  in  a  different  category,  long  known  and 
hence  not  susceptible  of  this  treatment — for 
example,  Podozamites  lanceolatus,  Asplenium 
dicJcsonianumj  or  Sequoia  reichenhdchi — which 
are  obviously  composite  and  yet  which  do  not 
offer  any  criteria  for  segregation  other  than 
those  of  a  stratigraphic  nature.  These  forms 
may  well  remain  as  they  are  until  the  progress 
of  knowledge  enables  the  paleobotanist  to 
treat  them  in  a  scientific  manner. 

In  a  recent  study  of  a  large  and  well-pre- 
served collection  from  the  Wilcox  near  Mans- 
field, La.,  I  have  been  profoundly  impressed 
with  the  graded  variability  in  the  leaves  of 
certain  genera,  particularly  Ficiis  and  Rhamnus, 
In  my  report  on  the  flora  of  the  Wilcox  group, 
published  in  1916,  18  different  species  of  Ficus 
were  recognized,  and  in  Knowlton's  recently 
published  report  on  the  flora  of  the  Raton 
formation  17  species  of  Ficus  are  recognized. 
In  both  works  the  comparisons  made  appear 
legitimate,  but  in  neither,  apparently,  had  the 
broader  question  of  interrelationship  in  the 
genus  received  adequate  consideration.  To 
revert  to  the  representation  of  Ficus  in  the 
Wilcox  flora:  Of  the  18  identified  forms  a 
reexamination  appears  to  confirm  the  validity 
of  13  beyond  question.  The  remaining  five 
species,  which  were  identified  as  Ficus  neo- 
planicostata,  psevdopopidys,  planicostata  maxi- 
ma,   occidentalis,    and    denveriana,    represent 


ovate  types  with  three  basilar  or  subbasilar 
primaries  and  percurrent  tertiaries.  As  spar- 
ingly represented  in  the  original  collections  each. 
showed  a  certain  individuality,  but  in  the  later 
collection,  where  they  are  abundant,  they  show 
every  gradation  in  size  and  in  the  ratio  of  width 
to  length. 

I  do  not  consider  it  possible  to  maintain 
specific  boundaries  in  this  series,  although  the 
extremes  of  size  or  of  short-elliptical  or  long^ 
and  narrow  ovate-acuminate  outline  are  strik* 
ingly  different  in  aspect. 

This  polymorphism,  or  better  termed  vari- 
abihty,  led  to  the  assembling  of  all  the  pub- 
lished figures  of  the  so-called  species  enumer- 
ated in  the  foregoing  synonymy.  It  was  found 
that  these  forms  had  been  described  at  different 
times  by  different  workers  and  that  the  criteria 
of  separation  were  as  follows: 

1.  Size. 

2.  Relative  proportionfi  of  width  to  length. 

3.  Shortening  or  lengthening  of  the  apex. 

4.  Character  of  base  ranging  from  various  degrees  of 
cuneate  through  tnincate  to  slightly  cordate. 

5.  Number  and  spacing  of  the  secondaries. 

6.  Position  of  the  primaries,  whether  basilar,  subbasilar, 
or  Buprabasilar. 

In  all  the  species  the  general  facies  and 
tertiary  venation  remain  identical  throughout. 
It  might  be  argued  that  these  represent 
generic  features  and  that  the  foregoing  criteria 
of  separation  are  legitimate  specific  features. 
It  may  be  noted,  however,  that  most  of  the 
features  enumerated  above  are  interrelated 
and  dependent  upon  the  proportions  of  the 
leaves,  and  it  may  also  be  noted  that  leaves 
which  are  normally  large  at  maturity  reach 
that  normal  size  by  growth,  so  that  mere 
smallness  is  not  a  specific  character.  However, 
I  ^ill  not  quarrel  with  my  colleagues  who 
prefer  to  keep  the  species  listed  in  the  fore- 
going synonymy  distinct — the  relationships 
sketched  below  hold  good,  whatever  cate- 
gories are  used.  Some  will  doubtless  incline 
to  consider  them  varieties  of  a  single  botanic 
species,  but  I  can  only  think  of  them  as  varie- 
ties in  the  praenuntial  or  formative  state,  with 
the  intermediate  steps  not  yet  extinct,  and 
it  seems  to  me  that  all  could  probably  have 
been  found  on  a  single  lower  Eocene  tree. 
Were  they  ever  found  unassociated  there 
might  be  some  justification  for  maintaining 
their  distinctness,  but  wherever  adequate  col- 
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lections  are  ayailable,  whether  it  be  from  the 
Denver  formation,  the  Raton  formation,  or 
the  Wilcox  group,  all  or  nearly  all  the  forms 
are  fomid  associated  in  the  same  stratum. 
Fifteen  to  twenty  species  of  a  single  genus  do 
not  grow  together  in  nature. 

If  these  forms  are  considered  to  represent  a 
single  variable  species,  then  the  earUest  name 
available  is  mississippiensiSy  given  by  Les- 
quereux  to  what  he  regarded  as  a  species  of 
Oinnamomum,  It  is  true  that  this  form  was 
rather  small  in  size,  but  the  type  is  no  longer 
in  existence  and  the  later  material  identified 
as  this  species  is  larger.  For  example,  the  form 
so  named  in  the  Raton  flora  is  identical  with 
the  associated  forms  referred  to  Fums  fseudo- 
poptdus.  The  type  of  this  last-mentioned 
species  was  also  based  on  small  forms,  which 
do  not,  however,  differ  in  any  essential  respect 
from  the  larger  leaves  later  determined,  and 
the  maximum  of  size  and  elongation  is  furnished 
by  the  forms  from  the  Wilcox  figured  in  the 
present  contribution.  I  have  not  included 
Ficus  denveriana  in  the  foregoing  synonymy, 
as  it  prevailingly  lacks  the  three  primaries  and 
is  pinnate  veined.  However,  certain  speci- 
mens so  called  appear  to  belong  here,  as,  for 
example,  the  specimen  shown  in  figure  5  on 
Plate  XXXIII  of  Lesquereux's  ''Tertiary 
flora. " 


mississippiensis  would  be  the  transformation 
of  the  basal  secondaries  into  lateral  primaries. 
As  triveined  forms  of  FictLS  are  not  imcom- 
mon  in  the  Upper  Cretaceous  the  ancestral 
stock  of  Ficus  mississippiensis  may  go  back  to 
some  such  form  as  Ficus  ovatifolia  Berry,  of 
the  Coastal  Plain  Cretaceous,  or  FiciLS  prae- 
trinervis  Knowlton,  of  the  Vermejo  formation, 
and  FiciLS  denveriana  may  be  imrelated  or  else 
represent  the  transformation  of  lateral  pri- 
maries into  basal  secondaries. 

Discussion  may  be  eliminated  by  presenting 
the  supposed  interrelationship  diagranunati- 
cally  in  terms  of  the  specific  names  of  the 
above  synonymy,  as  follows: 

planicostata 


planicostata  maxima 


occidentalis 


neoplanicostata 


pseudopopulus 


The  maxima  of  these  two  Unes  of  variation 
are  shown  in  the  accompanying  figures,  and 
no  detailed  description  of  them  is  regarded  as 
necessary.  A  statement  regarding  the  recorded 
geographic  and  geologic  range  of  the  species 
may  not,  however,  be  out  of  place.  This  may 
be  presented  in  tabular  form,  as  follows : 


Cinnamomum  missLBsippiensis 

Ficus  planicostata 

Ficus  pseudopopulus 

Ficus  occidentalis 

Ficus  planicostata  maxima 

Ficus  neoplanicostata 

Ficus  richardsoni 


Laramie. 


WUcox. 


Raton. 


X 


X 

(?) 

X 

X 

X 

X 


Post- Laramie, 

Black  Buttes 

coal  group,  or 

Evanston. 


Clamo. 


X 
X 
X 
X 
X 
X 
X 


X 
X 


(?) 


Denver. 


X 
X 


Ficus  planicostata  Lesquereux  represents 
variants  with  a  foreshortened  apex,  although 
the  smaller  leaves  of  this  so-called  species  as 
figured  by  Lesquereux  are  indistinguishable 
from  the  small  leaves  of  Ficu^  neoplanicostata 
figured  by  Knowlton. 

If  the  central  stock  of  this  variable  species 
is  considered  to  have  been  an  elliptical-ovate 
penniveined  form  similar  to  the  typical  Ficus 
denveriana  Cockerell  or  to  the  young  leaves 
referred    to    Ficus   neoplanicostata j    then    the 

umption  of  the  specific  character  of  Ficus 


It  may  be  noted  that  only  one  of  these 
species,  namely,  F,  planicostataj  is  recorded 
from  a  pre-Tertiary  horizon,  and  that  all  are 
found  associated  in  both  the  Wilcox  and  Raton 
floras,  Ficus  richardsoni  Knowlton  of  the  Raton 
not  being  an  exception  to  this  statement,  for  it 
is  obviously  identical  with  Ficus  pseudopopulus. 
Occurrences  in  the  Wilcox  range  throughout 
the  group  and  are  as  follows : 

Ackerman  formation:  Raglans  Branch,  lAfayette  Coun- 
ty, Miss. ;  Colenians  Mill,  Choctaw  County,  Mjas.;  Hurleys, 
Benton  County,  Miss. 
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Upper  Wilcox:  Shreveport,  Caddo  Parish,  La.;  Mans- 
field, Naborton  and  vicinity,  De  Soto  Parish,  La.;  Old 
Port  Caddo  Landing,  Harrison  County,  Tex.;  Elmendorf 
clay  pit,  Elmendorf,  Bexar  County,  Tex.;  Carrizo  sand- 
stone half  a  mile  west  of  Carrizo  Springs,  Dimmit  County, 
Tex. 

Lagrange  formation  (middle  and  upper  Wilcox  age): 
Purj'ear,  Henry  Connty,.Tenn.;  Sandy,  Hardeman  Coun- 
ty, Tenn. 

Order  BANALES. 

FamUy  MAGNOLIACEAE. 

Genus  MAGNOLIA  Linn€. 

Magnolia  angustifolia  Newberry. 

Plate  IX. 

Maffnolia  angusti/olia  Newberr>',  V.  S.  Xat.  Mus.  Proc., 

vol.  5,  p.  513,  1882. 
Berr>',  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  214,  1916. 
Knowlton,  U.  S.  Geol.  Survey  Prof.  Paper  101,  p.  309, 

pi.  79,  fig.  1;  pi.  80;  pi.  81,  fig.  1,  1917. 
Magnolia  attenuata  Weber.    Lesquereux,  Tertiary  flora, 

p.  250,  pi.  45,  fig.  6,  1878. 
Terminalia  radobojensis  Heer  (not  Unger).    Lesquereux, 

U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann.  Rept.  for 

1871,  SuppL,  p.  15,  1872. 
Magnolia    Umceolata    Lesquereux.    Hollick,     I/)uisiana 

Geol.  Survey  Special  Rept.  5,  p.  282,  pi.  ii,  1899. 

This  species,  which  is  common  in  the  Raton 
formation  and  in  the  upper  part  of  the  Wilcox 
group,  is  much  more  common  west  of  the  Missis- 
sippi than  east  of  it.  A  specimen  from  Loui- 
siana is  figured  in  the  present  paper. 

Occurrence:  Goss  pit,  half  a  mile  east  of 
Mansfield,  De  Soto  Parish,  La.;  collected  by 
O.  M.  Ball. 

Magnolia  lee!  Knowlton. 

Plate  X. 

Magnolia  leei  Knowlton  MS.    Berry,  U.  S.  Geol.  Survey 
Prof.  Paper  91,  p.  215,  pi.  43,  figs.  1,  2,  1916. 
Knowlton,  U.  S.  Geol.  Survey  Prof.  Paper  101,  p.  313, 
pi.  64,  fig.  2;  pi.  65,  fig.  2;  pi.  81,  fig.  2,  1918. 

This  well-marked  species,  which  is  abundant 
in  the  Raton  formation  in  Colorado  and  New 
Mexico,  appears  to  range  from  the  bottom  to 
the  top  of  the  Wilcox  group  in  the  embayment 
region.  It  has  not  heretofore  been  found  in 
that  region  west  of  the  Mississippi  but  proves 
to  be  not  uncommon  in  Louisiana. 

Occurrence:  Goss  pit,  half  a  mile  east  of 
Mansfield,  De  Soto  Parish,  La.;  collected  by 
O.  M.  Ball. 


Family  MENISPXBMACSAS. 

Genus  MENISPEaMITES  Lesquereu. 

Menispermites  cebathoides  Berry,  n.  sp. 

Plate  XI,  figure  1. 

Leaves  orbicular-ovate,  about  as  wide  as  long, 
with  a  wide  truncate  base  and  a  broadly  and 
shortly  pointed  apex.    Margins  entire.   Texture 
thin.     Length  about  10  centimeters;  maximum 
width,  below  the  middle,  about  10  centimeters. 
Petiole  missing,  but  from  the  character  of  the 
base  it  must  have  been  of  considerable  length 
and  expanded  where  it  joined  the  lamina;  the 
joint  was  at  an  angle  with  the  plane  of  the 
lamina.     There  are  7  primaries  from  the  widely 
expanded  apex  of  the  petiole  at  the  extreme 
base  of  the  leaf.     These  diverge  at  acute  regu- 
larly spaced  angles;  all  are  curved,  and  the 
midrib  is  slightly,  if  at  all,  stouter  than  the 
lateral  primaries.     It  is  longer,  however,  and 
at  about  one-third  of  its  distance  to  the  apex. 
it  gives  off,  at  acute  angles,  a  pair  of  opposite 
secondaries,  which  sweep  upward  and  are  camp~ 
todrome  in  the  tip  of  the  leaf.     The  lateral  pri- 
maries are  all  stout  and  prominent  and  decrease 
in  length  from  above  downward.     The  basal, 
shortest,  and  straightest  pair  form  angles  of 
about  70*^  with  the  midrib;  they  give  off  on  th^ 
outside  three  or  four  regularly  spaced  second-- 
aries,   which  are   camptodrome  close   to   th.C! 
margin;  the  tip  joins  the  tip  of  the  basal  seo- 
ondary  of  the  primary  next  above  by  a  simpL 
camptodrome  arch  close  to  the  mai^in.     Tlx 
second  pair  of  primaries  form  angles  of  abouL 
50*^   with   the   midrib;   they   are  longer   an. 
sUghtly  stouter  than  the  basal  pair  and  slightl 
more  ciu-ved,  but  less  so  than  the  third  pet 
of  primaries;  they  give  off  on  the  outside 
to   four   regularly   spaced   stout   secondari 
which  are  camptodrome  close  to  the 
their  tip  joins  a  simple  camptodrome  tertia. 
from  the  lowest  secondary  of  the  third 
by  a  simple  camptodrome  curve  close  to 
margin.     The    third   pair   of   primaries   to: 
angles  of  about  25®  with  the  midrib;  they  a- 
more  curved  than  the  others  and  give  off 
the  outside  four  or  five  regularly  spaced  so<5 
ondaries,  which  are  simply  camptodrome 
to  the  margins  and  the  basal  one  of  which 
have  the  caliber  and  appearance  of  a  dichofco- 
mous  fork  of  the  primary,  as  in  the  left  sido 
of  the  leaf  figured;  the  tip  of  the  third  primary 
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irves  close  to  the  margin  to  join  a  campto- 
rome  tertiary  from  the  outside  of  the  main 
air  of  secondaries  from  the  midrib.  The  ter- 
aiies,  with  the  exception  of  the  camptodrome 
lea  abeady  alluded  to,  are  thin  and  largely 
omersed,  exceedingly  r^ular  in  their  spacing, 
id  prevailingly  percurrent,  although  they  oc- 
isionally  fork  and  inosculate,  as  shown  in  the 
^ured  specimen.  The  ultimate  areolation  is 
lirly  distinct  in  spots  and  must  have  been 
itirely  so  in  life;  it  shows  relatively  large  and 
re  vailing  subrectangular  meshes. 

This  fine  species  is  obviously  new  and  forms 

striking  addition  to  the  Wilcox  flora,  as  its 
Lodem  relatives  are  all  climbing  or  twining 
erbs  or  shrubs  prevailingly  of  wooded  or 
<ream-side  habitats.  It  is  similar  in  form  to 
le  Wilcox  species  Cerds  vrilcoxiana  Berry  but 
itirely  different  in  its  venation  characters  and 
bviously  not  related  to  that  form.  The  pre- 
lously  known  Wilcox  species  of  MenispermiteSj 
i,  wUcoxensis  Berry,  is  a  much  more  typically 
rate  fonn  with  a  prolonged  acuminate  tip  and 
ut  three  instead  of  seven  primaries.  The 
irtiary  venation  and  the  camptodrome  arches 
lose  to  the  margins  are  the  same  in  both,  and 
either  shows  the  tendency  toward  a  lobation 
f  the  lamina,  which  is  so  pronounced  a  feature 
L  so  many  of  the  existing  species  of  this 
unily. 

The  existing  species  are  too  imperfectly 
Qown  and  polymorphous  to  render  detailed 
>inparisoiis  with  this  Eocene  form  of  much 
aJue.  The  fossil  is  not  unlike  the  leaves  of 
LIT  common  Menispennum  canadense  Linn6, 
hich  are  nonlobate.  It  shows  a  similar 
semblance  to  the  leaves  of  our  common 
ehatha  Carolina  (Linn^)  Britton,  which  are 
3nlobate,  and  similar  statements  might  be 
lade  with  regard  to  a  large  number  of  exist- 
Lg  species  of  the  family.  Among  fossil  forms 
le  most  similar  is  CoccuLus  (CebatJia)  laiifolius, 
cm  the  Pliocene  of  France,  described  by 
aporta  and  Marion,*^  but  this  similarity  is 
I  the  same  order  as  the  comparisons  with 
dcent  forms  just  mentioned. 

The  polymorphism  of  the  existing  species 
mders  it  desirable  to  refer  this  new  form  to  the 
enus  MenispermiteSy  implying  a  fossil  form  of 
[enispermaceae  of  undeterminable  generic 
flinity.     It  might  very  well  be  ancestral  to  the 

"Saporta,  O.  de,  and  Marion,  A.  F.,  Rccherches  sur  les  v^g^taiu 
BsOes  de  Meximieiix,  p.  264, pi.  31,  figs.  4-7;  pi.  32,  flg.  1, 1876. 
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genus  Coccvlus  De  CandoUe,  or  Cehaiha  Forskal, 
as  modem  taxonomists  prefer  to  call  it,  as 
ForskaFs  name  was  published  in  1775,  or  43 
years  earlier  than  De  CandoUe's  proposal. 

The  existing  species  of  Menispermaceae 
number  about  350  in  about  60  genera.  All  are 
twining  or  climbing  woody  or  herbaceous 
plants  with  alternate  exstipulate  leaves  and 
drupaceous  fruits.  A  majority  of  the  species 
are  confined  to  moist  tropical  regions,  but  a 
considerable  number  are  found  in  both  tem- 
perate zones.  None  of  the  subfamilies  are 
confined  to  a  single  continental  region,  and 
several  of  the  genera  are  foimd  on  all  the  con- 
tinents. 

The  existing  species  of  Menispermum,  but 
two  or  three  in  number,  are  confined  to  Atlan- 
tic North  America  and  eastern  Asia,  which 
indicates  a  wider  range  during  geologic  time. 
The  genus  Cehaiha  (Coccvlus)  is  a  large  one  for 
this  family,  with  about  30  species,  its  distribu- 
tion including  all  the  continents  except  Europe 
and  extending  to  the  Hawaiian  Islands.  Sev- 
eral fossil  species  that  have  been  referred 
directly  to  it  or  to  the  form  genus  Cocculites  go 
back  as  far  as  the  Upper  Cretaceous.  A  well- 
marked  species  is  present  in  the  later  Tertiary 
of  the  Mississippi  embayment,  and  it  would 
perhaps  not  be  far  from  the  truth  if  the  present 
species  were  referred  to  this  genus. 

The  family  has  10  genera  with  about  75 
species  confined  to  the  Western  Hemisphere, 
mostly  in  tropical  South  America.  Asia  has 
13  peculiar  genera;  Africa,  including  Madagas- 
car, has  14;  and  Australia  has  7,  all  monotypic 
and  largely  found  in  the  peculiar  environment 
of  Western  Australia.  The  largest  number  of 
existing  species  occur  in  tropical  Asia,  from 
which  about  150  are  known,  or  about  50  more 
than  are  known  from  America,  which  ranks 
second  in  the  number  of  existing  forms. 

The  fossils  of  the  narrow  triveined  form  of 
some  species  of  Coccvlus  (Cehaiha)  are  rather 
diflScult  to  determine,  for  they  show  more  or 
less  resemblance  to  some  leaves  in  the  families 
Smilacaceae,  Lauraceae,  Urticaceae,  Pipera- 
ceae,  Melastomataceae,  and  others. 

The  wider  leaves  are  more  characteristic, 
and  species  of  Menispermum  are  recorded 
from  beds  as  early  as  the  Oligocene  of  France. 
The  form  genus  Menispermites  has  nimierous 
Upper  Cretaceous  species,  particularly  of  Ceno- 
manian  and  Turonian  age,  and    is    recorded 


14 


SHORTER  CONTRIBUTIONS  TO  GENERAL  GEOLOGY,  1922. 


from  Portugal,  Bohemia,  Greenland,  Argen- 
tina, and  various  localities  in  the  United  States 
and  Canada.  It  is  especially  varied  in  the 
Dakota  sandstone. 

Forms  referred  to  Cocculus  De  CandoUe, 
Coccidites  Heer,  or  Cebatha  Forskal  are  re- 
corded from  the  Upper  Cretaceous  of  North 
America,  Europe,  and  Asia  and  from  the 
early  Tertiary  of  Greenland,  North  America, 
and  Europe.  It  seems  probable  that  some  of 
the  forms  referred  to  Unger*s  genus  Da  plum- 
gene  belong  to  this  family.  The  genus  ^faC' 
clintocJcia  Heer,  of  the  Upper  Cretaceous  and 
early  Tertiary,  particularly  of  the  Arctic  region, 
is  often  referred  to  this  family,  as  by  wSchimper. 

Occurrence:  Goss  pit,  half  a  mile  east  of 
Mansfield,  De  Soto  Parish,  La.;  collected  by 
O.  M.  Ball. 

Order  BOS  ALES. 

Family  CAESALPINIACEAE. 

Genns  CASSIA  Llnne. 

Cassia  emarginata  Beiry. 

Cassia  emargiruUa  Berr>',  U.  S.  Geol.  Survey  Prof.  Paper 
91,  p.  233,  pi.  45,  fig.  17b;  pi.  48,  fig.  5,  1916. 

Heer"  mentions  a  Cassia  emarginata  of 
Saporta,  which  would,  if  valid,  necessitate 
changing  the  name  of  this  Wilcox  species. 
As  near  as  I  can  discover,  however,  Cassia 
emarginata  Saporta  was  a  nomen  nudum.  It 
is  not  mentioned  by  either  Schimper  or  Schenk, 
and  Saporta  appears  to  have  renamed  the 
form  Caesalpinites  latifolius  when  he  actually 
described  it.*' 

Family  MIMOSACEAS. 

Qenns  MIMOSITES  Bowerbank. 

Mimosites  variabilis  Berry. 

MimosiUs  variabilis  Berry,  U.  S.  Geol.  Survey  Prof.  Paper 
91,  p.  227,  pi.  45,  figs.  6-11,  191G. 

This  common  middle  and  upper  Wilcox 
species  has  not  heretofore  been  found  south  of 
Grenada,  Miss.  It  is  contained  in  recent 
collections  from  a  locality  1  mile  west  of 
Clavhalchee,  Dale  County,  Ala. 

»•  Hwlii'irhos  siir  \v  climat  ct  la  vrgrtolion  dii  piiys  tortiuiro,  p.  149,        *>  Ettiii»!shaiLseii,  Coiistantiii,  Beitriige  tiir  Kenntniw  der 
IWl,  Flora  vun  Sotzka,  p.  73, 1S5.S. 

**  .'siiKirtii,  0.  <\t',  ElmlPS  siir  la  vi'-gi'latifm  du  sud-cst  dc  la  France  k  :      m  UiiKor,  Franz,  Die  fossilo  Flora  von  SoUka,  p.  180,  pi.  81,  flc.  XA 

V6ponm;  tvrtiuire,  vol.  1,  p.  140, 1>63.  I  IWO. 


Family  PAFIUONACSAB. 

Gknns  DALBXBGIA  Liiin€  lils. 

Dalber^  puryearensis  Berry,  new  name. 

Dalhergia  eocenica  Berry,  U.  S.  Geol.  Survey  Prof.  Paper 
91,  p.  245,  pi.  53,  figs.  1,  2,  1916. 

The  name  assigned  to  this  Wilcox  Dalhergia 
in  1916  is  antedated  hy  Dalhergia  eocenica 
Ettingshausen,''^  hased  on  Protamyris  eocenica 
Unger,"  and  I  therefore  propose  that  this 
species  he  called  Dalhergia  puryearensis,  in 
allusion  to  the  type  locality. 

Order  SAPIKDALSS. 

Family  ICACINACSAS. 

Qenus  CALATOLOIDES  Berry,  n.  gen. 

Calatoloides  eocenicum  Berry,  n.  ar 

Plate  XIV,  figures  3-5. 

The  present  species  is  based  on  casts  of  a 
nutlike  fruit  which  appears  to  be  very  close  to 
those  of  a  recently  described  genus  that  is 
referred  with  some  doubt  to  the  family  Ica- 
cinaceae  and  is  based  upon  three  new  species 
of  existing  arborescent  forms  of  the  Central 
American  region.  In  view  of  the  incomplete- 
ness of  the  fossil  material  and  the  lack  of 
certainty  as  to  its  identity  with  the  recent 
fruits  in  all  particulars,  it  has  seemed  best  to 
propose  a  new  genus  for  its  reception.  The 
name  suggested  for  this  new  genus  implies  a 
relationship  with  the  existing  genus.  The 
fossil  fruit  as  restored  from  casts  is  a  moder- 
ately prolate  spheroid,  2.5  to  3  centimeters  in 
length  and  about  2.25  centimeters  in  diameter, 
broadly  rounded  proximad  and  bluntly  pointed 
distad.  The  ligneous  shell  is  marked  by  some- 
what irregular  prominent  branching  and  anas- 
tomosing longitudinal  ridges,  connected  by 
low  subordinate  irregularly  transverse  ridges. 
If  it  was  like  the  existing  form  it  contained  a 
single  large  seed. 

I  have  had  this  Wilcox  material  in  my 
session  for  a  number  of  years  without  any  id 
as  to  its  botanic  relationship.     In  collecti 
recent  fruits  in  Panama  in  1919  I  obtaine 
one  which  suggested  ttie  fossil.     In  seeking 
determine  the  Panama  specimen  at  the  Unit^ 
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States  National  Herbarium  I  found  that  it 
was  identical  with  material  from  Costa  Rica 
which  Messrs.  Standley  and  Safford  consid- 
ered to  represent  a  new  genus,  very  probably 
a  member  of  the  Icacinaceae.  They  have 
since  recognized  three  species  of  this  genus — 
two  from  Mexico  and  one  from  Costa  Rica  and 
Panama.  These  are  trees  of  considerable  size, 
with  broadly  lanceolate  camptodrome-veined 
leaves.  The  fruits  have  a  thin  flesh  in  life 
and  a  single  large  spherical  seed.  The  fossil 
form  is  similar  in  shape  and  ornamentation 
but  is  only  about  half  the  size  of  the  recent 
fruits  and  may  therefore  be  considered  as 
standing  in  an  ancestral  relation  to  the  modem 
genus,  for  which  Standley  and  Safford  have 
proposed  the  name  Calatola. 

TTie  occurrence  of  a  fossil  representative  of 
the  family  Icacinaceae  in  the  lower  Eocene  of 
Texas  is  of  very  great  interest.  No  member  of 
the  family,  so  far  as  I  know,  has  ever  before 
been  found  fossil.  The  family  consists  of 
about  39  genera  and  150  existing  species,  of 
which  only  8  genera,  with  less  than  30  species, 
are  found  in  America,  where  they  are  for  the 
most  part  confined  to  the  Tropics.  None  of 
these  genera  except  MappiOy  a  native  of  the 
Antilles,  occurs  in  any  other  geographic  region, 
and  this  genus  is  supposed  to  be  represented 
in  Ceylon  and  farther  India.  As  the  forms 
from  farther  India  constitute  the  subgenus 
Trichocrater  and  those  from  Ceylon  the  sub- 
genus Eumappiay  it  seems  doubtful  if  Mappia 
is  really  an  exception  to  the  peculiar  character 
of  th^  existing  American  members  of  this 
family.  The  family  as  a  whole  is  distinctly 
oriental  in  the  existing  flora,  with  its  center  of 
dispersal  in  the  south  Asian  region,  for  although 
there  is  only  a  single  monotypic  genus  con- 
fined to  southeastern  Asia,  this  region  pairs 
with  Africa,  the  East  Indies,  or  Australia  in 
many  occurrences:  thus  there  are  8 genera  with 
23  species  which  are  Malaysian,  6  genera  with 
34  species  which  are  Asian  and  Malaysian, 
3  genera  with  19  species  which  are  common  to 
Africa  and  southern  Asia,  and  1  genus  with  4 
species  common  to  Malaysia  and  Australia. 
Ten  genera  with  33  species  are  confined  to 
Africa,  and  3  genera  with  6  species  are  confined 
to  Australia. 

The  family  contains  10  monotypic  genera — 
one  of  Guiana  and  all  the  remainder  Old  World 
forms,  as  follows:  Africa  3,  southeastern  Asia  1, 


East  Indies  2,  New  Guinea  1,  New  Caledonia  2. 
All  the  existing  American  forms  belong  to  the 
large  subfamily  Icacinoideae,  which  is  also 
represented  in  all  the  other  regions,  so  that  its 
origin  or  interrelationships  are  unknown. 

Occurrence :  Butler  (West  Point)  salt  dome, 
in  the  eastern  part  of  Freestone  County,  near 
Trinity  River,  6  miles  northeast  of  Oakville, 
Tex.;  collected  by  O.  B.  Hopkins  and  O.  C. 
Funderbunk. 

Order  BHAMNALES. 

FamUy  BHAMNACEAE. 

Qenus  BHAMNXJS  Linn^. 

Rhamnus  cleburni  Lesquereux. 

Rhamnus  cleburni  Lesquereux,  U.  S.  Geol.  and  Geog.  Sur- 
vey Terr.  Ann.  Kept,  for  1872,  p.  381, 1873;  Tertiary 
flora,  p.  280,  pi.  53,  figs.  1-3,  1878;  U.  S.  Nat.  Mua. 
Proc,  vol.  11,  p.  24,  1888. 

Knowlton,  U.  S.  Geol.  Survey  Bull.  204,  p.  80, 1902. 

Berry,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  283, 1916. 

The  present  material,  which  is  abundant, 
emphasizes  the  great  similarity  and  possible 
identity  between  this  form  and  Rhamnus  cou- 
shatta  Berry,"  also  the  great  variability  in  out- 
line of  these  leaves,  many  of  which  are  longer 
and  relatively  narrower  than  the  type  and  show 
indications  of  grading  into  what  I  have  called 
Rhamnus  margincUus  apicuUUus?^ 

Occurrence:  Goss  pit,  half  a  mile  east  of 
Mansfield,  De  Soto  Parish,  La.;  collected  by 
O.  M.  Ball. 

Rhamnus  marginatus  apiculatus  Berry. 

Plate  XI,  figures  2,  3. 

Rhamnus  marginatus  apiculatus  Berry,  U.  S.  Geol.  Survey 
Prof.  Paper  91,  p.  283,  pi.  69,  fig.  1,  1916. 

At  the  time  of  the  publication  of  the  report 
on  the  Wilcox  flora  this  variety  was  represented 
by  a  small  number  of  specimens  from  the  Acker- 
man  formation  of  Mississippi.  It  is  common  in 
later  collections  from  Louisiana  and  shows  con- 
siderable variation  in  size  and  outline.  All  the 
specimens  are  somewhat  narrower  than  the 
type ;  some  have  a  very  long  acumen  and  others 
lack  a  prominent  acumen.  Two  of  these  speci- 
mens are  figured,  the  larger  a  leaf  21  centime- 
ters in  length  and  4  centimeters  in  maximum 
width. 


»  Berr>',  E.  W.,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  284,  pi.  68,  fig.  1, 
191 G. 
»  Idem,  p.  283,  pi.  69,  fig.  I. 
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Occurrence:  Gross  pit,  half  a  mile  east  of 
Mansfield,  De  Soto  Parish,  La.;  collected  by 
O.  M.  Ball. 

Oenns  BHAMNITES  Fortes. 
Rhamnites  knowltoni  Berry,  new  name. 

Plate  XII,  figure  7. 

Comus  studeri  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1871,  p.  293,  1872  (not  Ileer, 
1859);  Tertiary  flora,  p.  244,  pi.  42,  figs.  4,  5, 1878. 

Hollick,  in  Harris  and  Veatch,  A  preliminary  report  on 
the  geology  of  Louisiana,  p.  286,  pi.  45,  fig.  2,  1899. 

Knowlton,  U.  S.  Geol.  Survey  Bull.  163,  p.  68,  pi.  15, 
fig.  3,  1900. 

Berry,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  331,  pi. 
68,'  fig.  3, 1916. 

In  the  account  of  the  Wilcox  flora  this  species 
was  said  to  be  represented  by  fragments  from 
a  number  of  localities,  the  most  complete  speci- 
men being  the  one  figured  from  Coushatta,  La. 
Subsequent  collections  show  that  this  form  is 
abundant  in  the  Wilcox  near  Mansfield  and  con- 
firm the  previous  statement  that  it  differs  from 
Heer's  Swiss  Miocene  type  and  also  is  not  prop- 
erly referable  to  the  genus  Comus.  Although 
in  some  of  the  features  it  is  similar  to  species 
that  have  been  referred  to  FicuSj  these  features 
are  not  like  any  in  existing  forms  of  that  genus, 
where  the  venation  has  certain  characteristics 
that  are  easily  recognized.  They  are,  on  the 
other  hand,  characteristic  of  certain  members 
of  the  families  Sapindaceae  and  Rhamnaceae, 
particularly  the  latter,  and  I  have  therefore 
transferred  the  American  forms  to  the  genus 
Rhamnites. 
R.  JcnowUoni  may  be  described  as  follows : 
Leaves  large,  broadly  ovate,  many  of  them 
slightly  inequilateral,  the  tip  somewhat  nar^ 
rowed  and  acuminate  and  the  base  rounded  or 
very  broadly  pointed.  Margins  entire,  in  some 
specimens  faintly  undulate.  Texture  subcori- 
aceous.  Midrib  stout  and  prominent.  Second- 
aries stout,  six  to  nine  pairs,  diverge  from  the 
midrib  at  irregular  intervals  at  angles  of  about 
45*^,  camptodrome.  Tertiaries  thin,  closely 
spaced,  percurrent,  typically  rhamnaceous. 
Size  variable,  some  leaves  being  as  much  as  19 
centimeters  in  length  and  9.5  centimeters  in 
maximum  width,  which  is  in  the  lower  half  of 
the  leaf.  A  large  specimen  from  Mansfield  is 
figured  in  the  present  paper.  The  single  Louisi- 
ana specimen  has  a  length  of  16  centimeters 
and  a  maximum  width,  midway  between  the 
apex  and  the  base,  of  8.75  centimeters. 


Occurrence:  Goss  pit,  half  a  mile  east  of 
Mansfield,  De  Soto  Parish,  La.;  collected  by 
O.  M.  Ball. 

Order  ICALVALES. 

Family  MALVACEAE? 

Genus  MONOCABPELLITES  Perkins. 

[Vermont  State  Geologist  Rept.  for  1903-4,  p.  180.] 

MonocarpelUtes  perkinsi  Berry,  n.  8p. 

Plate  XII,  figures  1-6. 

Ligneous  single-celled  carpels,  with  numer- 
ous seeds.  General  form  spheroidal;  whether 
oblate  or  prolate  is  uncertain,  as  the  material 
has  suffered  much  compression.  Probably 
nearly  spheroidal  in  Ufe,  with  10  to  12  thin 
longitudinal  ribs.  Apex  mucronate-tipped. 
Hilum  large  depressed,  about  2  millimeters  in 
diameter. 

This  species  is  not  uncommon  at  the  locality 
cited,  but  it  is  impossible  to  determine  the 
character  of  the  interior.  The  conclusion  that 
the  ribs  do  not  represent  keels  or  sutures  of  a 
tardily  dehiscent  capsule  rests  upon  their 
somewhat  unequal  spacing,  the  lack  of  any 
traces  of  sutures,  and  the  fact  that  one  speci- 
men has  undergone  great  compression  in  a 
vertical  plane  without  developing  any  indica^ 
tions  of  a  capsular  nature.  The  conclusion 
that  these  carpels  were  many  seeded  also  rests 
upon  the  maimer  in  which  compression  has 
occurred  and  the  resulting  irregularities  of  sur- 
face, which  differ  from  what  would  be  shown  if 
one  or  a  few  large  seeds  had  been  present. 

The  genus  MonocarpelliteSj  to  which  the 
present  species  is  referred,  is  a  form  genus  es- 
tablished by  Perkins  in  1904  and  based  upon 
abundant  material  from  the  Eocene  lignite 
deposits  at  Brandon,  Vt.  Specimens  of  Mono- 
carpeUites  are  among  the  most  abundant  fossils 
at  Brandon,  and  Perkins  has  described  11  dif- 
ferent species  based  upon  differential  features 
that  are  more  or  less  well  marked  but  quite 
obviously  not  of  specific  grade.  Although  the 
Wilcox  MonocarpelUtes  resembles  several  of 
these  so-called  species  from  the  Brandon  lig- 
nite it  can  not  be  conclusively  identified  with 
any  one  of  them,  so  that  in  the  present  unsatis- 
factory state  of  our  knowledge  of  fossil  fruits 
it  must  necessarily  be  considered  to  represent 
a  new  species. 

In  this  connection  attention  should  be  called 
to  the  genus  ni^Jitea,  which  was  described  by 
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Bowerbank'*  from  the  abundant  pyritized 
fruits  found  in  the  London  clay  of  Sheppey 
(Ypresian).  As  elucidated  by  Bowerbank  the 
genus  Hightea  possessed  a  one-celled  Talveless 
pericarp  with  large  4  to  6  angled  placena  and 
numerous  down-bearing  seeds,  these  fruits 
having  every  appearance  of  being  five  or  more 
numerously  valved  capsules.  Hightea  is  very 
abundant  at  Sheppey,  and  Bowerbank  de- 
scribed no  less  than  10  so-called  species,  which 
are  subject  to  the  same  limitations  as  Perkins's 
numerous  species  of  MonocarpeUites. 

Although  it  is  impossible  to  advance  conclu- 
sive opinions  without  having  studied  a  large 
suite  of  specimens,  it  seems  probable  that 
Hightea  and  MonocarpeUites  are  congeneric, 
thus  affording  an  important  item  for  the  corre- 
lation of  these  three  widely  separated  deposits, 
valuable  chiefly  for  the  evidence  it  affords  of 
the  SLge  of  the  Brandon  lignite,  as  the  parallel- 
ism between  the  London  clay  and  the  Wilcox 
is  already  well  established. 

Occurrence:  Spink's  clay  pit,  near  Paris, 
Henry  County,  Tenn. 

Family  STEBCULIACEAE. 
Genus  STEBCXTLIA  LinnC. 

Sterculia  wilcoxensis  Berry,  n.  sp. 

Plate  XIV,  fig:ure8  1,  2;  Plate  XV,  figures  3,  4. 

Sterculia  puryearensis  Berry,  U.  S.  Geol.  Survey  Prof. 
Paper  91,  pi.  72,  fig.  3  (not  other  figures  of  this 
species),  1916. 

Leaves  (in  discovered  material)  trilobate, 
divided  from  one-half  to  two-thirds  of  the  dis- 
tance to  the  base  into  a  median  conical  to 
slightly  ovate  lobe  and  lateral,  somewhat  nar- 
rower conical  lobes.  All  are  acuminate,  and  all 
may  be  of  equal  length,  or  the  median  lobe  may 
be  somewhat  longer.  The  interveriing  sinuses 
are  open  and  rounded  and  of  varying  depth; 
their  degree  of  openness  depends  on  the  attitude 
of  the  lateral  lobes,  for  although  the  angle  of 
divergence  of  the  lateral  primaries  with  the 
midrib  is  practically  uniform,  the  lateral  lobes 
and  the  primaries  forming  their  midveins  may 
be  either  incurved  or  recurved,  as  shown  in  the 
accompanying  illustrations.  The  margins  are 
entire  and  the  texture  coriaceous.  Length 
ranging  from  12  to  16  centimeters;  maximum 
width,  between  the  tips  of  the  lateral  lobes, 
ranging  from  0.75   to   15.25  centimeters  and 

*< Bowerbank,  J.  8.,  A  history  of  the  fossil  fruits  and  seeds  of  the 
London  clay,  p.  25,  pis.  7-9, 1840. 


largely  dependent  on  the  attitude  of  the  lobes. 
The  petiole  was  evidently  long  and  stout;  it  is 
preserved  for  2  centimeters  in  one  specimen. 
The  midrib  is  stout  and  prominent,  approxi- 
mately straight  or  variously  curved.  The 
lateral  primaries  are  approximately  as  stout 
and  prominent  as  the  midrib.  They  diverge 
from  the  midrib  a  considerable  distance  above 
the  base,  at  angles  between  35**  and  45°,  and 
are  variously  curved.  The  secondaries  are  thin 
and  not  especially  prominent;  they  arenimier- 
ous,  regularly  spaced,  and  subparallel,  diverge 
at  wide  angles,  and  are  abruptly  camptodrome. 
The  tertiaries  are  obscure. 

The  present  species  is,  on  the  whole,  well 
marked.  It  is  in  many  ways  similar  to  the 
European  Oligocene  species  Sterculia  labrusca 
linger  '*  and,  like  that  and  most  other  living 
and  fossil  species,  may  have  varied  to  a  fewer 
or  greater  niunber  of  lobes,  although  all  the 
specimens  known  at  present  are  trilobate.  It 
may  be  properly  considered  ancestral  to  the 
Claiborne  species  Sterculia  lahruscoides  Berry, 
a  somewhat  smaller  form  with  more  conical 
lobes  and  rounded  base. 

A  fragment  of  this  species  from  Puryear, 
Tenn.,  was  figured  in  1916  and  referred  to  Ster- 
culia puryearensis  Berry.  Recent  collections 
from  Louisiana  show  that  this  fragment  repre- 
sents the  present  species,  which  is  quite  dis- 
tinct from  the  much  larger  and  more  ovate 
lobed  and  lobate  Sterculia  puryearensis.  It 
adds  a  second  and  striking  representative  of 
this  genus  to  the  flora  of  the  Wilcox  group,  in 
which  it  is  also  represented  by  the  fruits  re- 
ferred to  the  genus  Stercvliocarpus. 

Occurrence:  Puryear,  Henry  County,  Tenn.; 
collected  by  E.  W.  Berry.  Goss  pit,  half  a  mile 
east  of  Mansfield,  De  Soto  Parish,  I^a.;  col- 
lected by  O.  M.  Ball.  Carrizo  sandstone  half  a 
mile  west  of  Carrizo  Springs,  Dimmit  County, 

Tex. 

Qenns  STEBCXJLIOCABPXJS  Berry. 

Sterculiocarpus  eocenicus  Berry. 

Plate  XV,  figure  5;  Plate  XVI,  figure  1. 

Sterculiocarpiis    eocenicus    Berry,    U.    S.    Greol.    Survey 
Prof.  Paper  91,  p.  288,  pi.  74,  figs.  1-3,  1916. 

The  present  specimen  adds  considerably  to 
our  knowledge  of  this  form.  It  is  relatively 
slightly  longer  and  narrower  than   the   type 

»  Unger,  Franz,  Die  fossile  Flora  von  Sotzka,  p.  45,  pi.  28,  figs.  1-11, 
1850. 
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and  shows  that  the  capsules  were  tardily 
locuhcidally  dehiscent  and  contained  many 
small  elongated  seeds  on  parietal  placentae. 
It  thus  differs  from  the  other  known  species, 
namely  S.  sezannelloides  Berry,  in  which  the 
placentae  were  axile  and  the  dehiscence 
septicidal. 

Occurrence:  Goss  pit,  half  a  mile  east  of 
Mansfield,  De  Soto  Parish,  La.;  collected  by 
O.  M.  Ball. 

Qenus  HELICTOXTLON  Felix. 
Helictoxylon  wilcoxianum  Berry,  n.  sp. 

Plates  XVII  and  XVIII. 

Transverse  section:  Vessels  large,  oval,  very 
numerous  and  closely  spaced,  generally  single, 
sometimes  in  oblique  pairs.  Rays  undulating, 
broad,  several  cells  wide,  charged  with  gum. 
Parenchyma  filling  most  of  the  space  between 
the  rays  and  vessels.  Prosenchyma  well  dis- 
tributed as  single  or  double  strands  in  the 
parenchyma,  with  greatly  thickened  walls. 

Radial  section:  Vessels  reticulately  marked 
or  obscurely  pored.  Parenchyma  much  sep- 
tate, without  discernible  pitting.  Prosenchyma 
with  pointed  ends,  sparingly  septate,  with 
ray  of  very  minute  pores  on  the  radial  walls. 
Rays  high,  the  marginal  cells  square,  the  cen- 
tral long  and  narrow.  Pitting  obscured  by 
gum. 

Tangential  section:  Vessels  often  with  ob- 
lique scalariform  perforations;  walls  reticulately 
marked.  Rays  fusiform  elliptical,  8  or  9 
cells  wide  medianly,  25  to  35  cells  high,  the 
normal  ray  frequently  continued  in  one  or 
both  directions  by  uniserial  large  rectangular 
cells.  Parenchyma  of  short  rectangular  cells 
without  discernible  pitting.  Prosenchyma 
sparingly  septate,  with  a  row  of  minute  pores. 

The  wide  rays,  the  abundance  of  xylem 
parenchyma,  and  the  prosenchyma  with  simple 
pits  indicate  that  this  wood  represents  some 
species  of  Sterculiaceae,  and  the  size  and 
abundance  of  the  vessels  suggest  a  liana.  As 
it  is  not  possible  to  make  comparisons  with 
recent  material,  nor  desirable  to  propose  a 
new  generic  term  such  as  Sterculioxylorij  the 
species  is  referred  to  the  genus  Helictoxylon, 
proposed  by  Fehx^®  for  two  species  from  the 
OUgocene  of  Antigua.  Species  are  also  known 
from  the  Tertiary  of  Java,  Luzon,  Galicia,  and 

M  Felix,  J.,  Fossile  Udlzer  Westindiens,  p.  18, 1883. 


Hungary.  The  Wilcox  species  appear  to  be 
entirely  distinct  from  previously  described 
forms. 

Occurrence:  Two  miles  east  of  Naborton,  De 
Soto  Parish,  La. 

Order  THTMSLEALSS. 

FamUy  LAUBACEAE. 

Laurus  verus  Berry,  n.  sp. 

Plate  XVI,  figures  2-7. 

I  am  fortunate  in  having  several  specimens 
of  this  fruit  preserved  as  a  ferric  oxide  replace- 
ment in  Wilcox  sands.  Several  are  detached 
from  the  persistent  calyx  with  the  hilum  ob- 
scured, and  their  identity  would  be  question- 
able were  it  not  for  the  finding  of  specimens 
with  the  calvx  attached  which  came  loose  from 
the  calyx,  showing  the  umbo.  In  form  the 
fruit  is  a  considerably  prolate  spheroid  varying 
considerably  in  size,  the  minimum  and  maxi- 
mum sizes  observed  being  11  millimeters  in 
length  by  7  millimeters  in  maximum  diameter 
and  15  millimeters  in  length  by  9.5  millimeters 
in  maximum  diameter.  The  distal  end  comes 
to  a  not  very  obvious  point.  The  surface  is 
smooth  and  polished.  The  calyx  is  small, 
thick,  coriaceous,  and  gamosepalous,  the  sepals 
represented  by  six  conical  or  rounded  upright 
marginal  teeth,  3.5  to  4.5  millimeters  in  diam- 
eter and  2.5  to  3  millimeters  high.  Peduncle 
stout  and  curved,  2.5  to  4  millimeters  in  length. 
These  are  well  shown  in  the  accompanying 
figures.  The  question  of  their  proper  generic 
reference  may  be  left  in  abeyance  for  the  pres- 
ent, as  a  considerable  number  of  the  genera  of  the 
Lauraceae  have  comparable  fruits.  The  term 
Laurus  is  used  in  the  present  connection  purely 
as  a  form  genus  implying  their  reference  to  this 
family.  The  only  lauraceous  leaves  found  in 
association  with  these  fruits  are  those  of  Oreo- 
daphne  salin^nsis  Berry,  and  even  these  are  rare. 
It  may  be  assumed  that  these  fruits  floated  a 
considerable  distance  from  their  point  of  origin, 
as  is  frequently  the  case  with  modem  lauraceous 
fruits.  I  am  inclined  to  consider  these  fossils 
as  representing  the  genus  Cinnamomum^  but 
this  is  entirely  a  matter  of  personal  opinion. 

A  considerable  number  of  fossil  fruits  belong- 
ing to  this  family  have  been  described.  Among 
them  those  from  the  Oligocene  of  Trotha  and 
Bornstadt,  in  Saxony,  described  by  Friedrich,*^ 

^  Fricdrich,  P.,  Beitrage  £ur  Kenntnlss  dor  Tcrtiarflora  der  ProTins 
.  Sachsen,  pp.  128,  234,  pi.  15,  fig.  9;  pi.  31,  flg.  10, 1883. 
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are  exceedingly  like  the  Louisiana  fruits. 
Without  any  pretense  at  citing  records,  atten- 
tion may  also  be  called  to  the  Cinnamomum 
fruits  irecorded  by  Friedrich  ^  from  the  Oligo- 
cene  and  those  recorded  by  Heer'*  from  the 
Miocene  of  Europe. 

Occurrence:  Goss  pit,  half  a  mile  east  of 
Mansfield,  De  Soto  Parish,  La.;  collected  by 
O.  M.  BaU. 

Genns  LATJBINOXYLON  Felix. 

Laurinozylon  branneri  Knowlton. 

Laurinoxyhn  branneri  Knowlton,  Arkansas  Geol.  Survey 

Ann.  Rept.  for  1889,  vol.  2,  p.  256,  pi.  9,  figs.  8,  9; 

pi.  10,  figs.  1,  2;  pi.  11,  fig.  4,  1891. 
Penhallow,  Roy.  Soc.  Canada  Trans.,  3d  ser.,  vol.  1, 

p.  98,  figs.  6-8,  1908. 
Berry,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  314,  pi. 

16,  figs.  6-10,  1916. 

This  species  was  described  in  previous  reports 
and  doubtfully  recorded  from  the  Wilcox.  It 
occurs  in  the  Claiborne  of  Arkansas  and  Texas, 
according  to  the  identifications  of  Knowlton 
and  Penhallow. 

A  specimen  from  the  Wilcox  at  Shreveport, 
La.  (No.  207),  appears  to  be  identical  with  the 
type.  It  is  rather  indifferently  preserved  and 
adds  nothing  to  our  knowledge  of  the  species. 

Laurinozylon  wilcoxianum  Berry,  n.  sp. 

Plate  XIII. 

Transverse  section :  Vessels  single  or  in  radial 
pairs  or  triplets,  rarely  more,  occasionally  in 
tangential  pairs  or  excentric.  Well  distributed 
but  sparse,  no  zonal  arrangement  or  diminu- 
tion in  size  throughout  the  year,  oval  in  cross 
section,  thin  walled.  Prosenchyma  abundant, 
the  walls  scarcely  thickened.  Xylem  paren- 
chyma abimdant,  showing  a  tendency  to  an 
arrangement  in  tangential  bands.  Rays  undu- 
lating, one  to  three  cells  wide,  full  of  gum. 

Sadial  section:  Vessels  full  of  tyloses,  with 
pitted  walls.  Rays  varying  in  height  from  2  to 
18  cells;  marginal  cells  square,  about  twice  the 
height  and  one-half  the  length  of  the  central 
cells,  their  horizontal  and  end  walls  with 
numerous  simple  pits.  Rays  mostly  full  of 
gum.  A  constant  feature  is  the  large  vertical 
series  of  ray  cells  running  from  one  ray  to 
another.  Prosenchyma  thin,  fusiform;  no 
markings  or  septation  seen,  although  in  speci- 

» Idem,  p.  215,  pi.  16,  figs.  15, 16. 

m  Sietr,  Oswald,  Flora  tertiaria  Helvetiae,  vol.  2,  pi.  91.  fig.  8, 1856. 


mens  from  the  Claiborne  group  that  appear 
to  belong  to  this  species  the  prosenchyma  is 
irregularly  septate.  Parenchyma  about  twice 
as  wide  as  the  prosenchyma,  abundantly  sep- 
tate; no  pits  seen  in  the  Wilcox  material  but 
with  numerous  round  pores  in  the  Claiborne 
material. 

Tangential  section:  Rays  closely  crowded, 
2  to  3  cells  wide,  connected  by  uniserial  stringers 
of  large  rectangular  cells,  all  full  of  gum. 

This  species  appears  to  be  distinct  from  pre- 
viously described  forms.  It  is  abundant  in  the 
Wilcox  but  is  usually  rather  poorly  preserved, 
having  suffered  much  from  decay  before  silici- 
fication.  Much  better  preserved  material  of 
this  species  is  present  in  the  Yegua  formation 
of  Texas  and  will  be  fully  described  and  figured 
in  my  account  of  the  Claiborne  and  Jackson 
floras.  Sections  have  been  cut  from  trunks 
from  the  following  localities:  Half  a  mile 
southwest  (214)  and  1  mile  west  (212)  of 
Naborton,  De  Soto  Parish,  La.;  near  Dabney 
(242),  Montgomery  County,  Miss.;  Piney  Creek 
(238),  10  Eoiles  east  of  Bolivar,  Hardeman 
County,  Tenn.  All  from  beds  of  upper  Wilcox 
age  except  the  last,  which  is  probably  middle 
Wilcox. 

Order  MTBTALES. 

Family  COMBBETACEAE. 

Oenns  TEBMINALIA  Liim6. 

Terminalia  lesleyana  (Lesquerenx)  Berry. 

Plate  XVI,  figure  8. 

Tenninalia  radohojensis  Heer.     Lesquereux,  U.  S.  Geol. 

and   Geog.    Survey   Terr.    Anu.    Rept.    for   1871, 

Suppl.,  p.  15,  1872. 
Magnolia  leskyana  Lesquereux,  Am.  Philoe.  Soc.  Trans., 

vol.  13,  p.  421,  pi.  21,  figs.  1,  2,  1869;  Tertiary  flora, 

p.  248,  pi.  44,  figs.  1-3,  1878;  U.  S.  Geol.  and  Geog. 

Survey  Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  14, 

1872. 
Knowlton,  U.  S.  Geol.   Survey  Prof.   Paper  101,  p. 

313,  pi.  82,  figs.  1,  2,  1917. 
Terminalia  lesleyana  Berry,    U.    S.   Geol.    Survey  Prof. 

Paper  91,  p.  323,  pi.  89,  1910. 

A  large  specimen  of  this  species  from  Louisi- 
ana is  figured  in  the  present  paper.  Since  my 
accoimt  of  the  Wilcox  flora  was  published 
Knowlton  '^  has  given  a  very  excellent  ac- 
count of  the  Raton  flora.  In  that  paper  the 
present  species  is  transferred  back  to  Mag- 
nolia, although  no  reasons  are  given.  I  have 
compared  the  fossil  with  a  large  amoimt  of  re- 

»  U.  8.  Geol.  Survey  Prof.  Paper  101, 1918. 
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cent  material  of  both  Magnolia  and  Terminalia 
and  am  satisfied  that  the  fossil  is  much  more 
like  the  latter  than  the  former,  which  was 
Lesquereux's  original  identification  before  it 
became  the  fashion  to  refer  all  large  leaves  to 
Magnolia, 

Occurrence:  Goss  pit,  half  a  mile  east  of 
Mansfield,  De  Soto  Parish,  La.;  collected  by 
O.  M.  Ball. 

Order  QENTIAKALBS. 

FaxnUy  APOCTNACEAE. 

Genns  APOCTNOPHYLLUM  Unger. 

ApoejnophyDimi  mississippiensis  Berry. 

Apocynophyllum  mississippiensis  Berry,  U.  S.  Geol.  Sur- 
vey Prof.  Paper  91,  p.  342,  pi.  108,  fig.  6,  1916. 

The  present  material  contains  numerous 
leaves  of  this  species  which  average  about  20 
per  cent  larger  than  those  previously  collected, 
indicating  a  leaf  about  18  centimeters  in  length 
by  4  centimeters  in  maximum  width. 

Occurrence:  Goss  pit,  half  a  mile  east  of 
Mansfield,  De  Soto  Parish,  La.;  collected  by 
O.  M.  Ball. 

Apocynophyllam  constrictum  Berry. 

Apocynophyllum  constrictum  Berry,  U.  S.  Geol.  Survey 
Prof.  Paper  91,  p.  344,  pi.  103,  fig.  4,  1916. 

This  species  was  based  on  the  single  specimen 
figured,  which  was  collected  from  the  Wilcox  of 
Benton,  Ark.  Additional  material  was  col- 
lected recently  from  the  clay  ironstone  near 
Somerville,  Tenn.  This  is  of  importance  in 
showing  that  the  constricted  form  that  sug- 
gested the  name  of  this  species  was  not  anoma- 
lous but  the  normal  form  of  this  lower  Eocene 
Apoq/nophyUum.  It  is  also  important  in 
confirming-  the  conclusion  that  all  the  known 
fossiliferous  Wilcox  in  Arkansas,  Louisiana,  and 
Texas  is  of  upper  Wilcox  age,  and  that  the 
Wilcox  sediments  were  progressively  trans- 
gressive  in  the  region  west  of  the  present  Mis- 
sissippi River. 

Occurrence :  Half  a  mile  south  of  Somerville- 
Whiteville  road,  Fayette  County,  Tenn.;  col- 
lected by  Russell  F.  Ryan. 


POSiriGN  UKCXBTAIN. 
Qeniis  PTEBOBALANUS  Berry,  n.  gen. 

The  genus  has  the  characters  of  the  type  and 
only  known  species.  The  name  is  derived  from 
the  Greek  for  winged  fruit. 

Pterobalanua  tezanus  Berry,  n.  sp. 

Plate  XV,  figures  1,  2. 

Fruit  of  uncertain  nature,  either  a  many- 
seeded  indehiscent  capsule  or  a  drupe  with  a 
readily  flattened  stone;  the  impression  as  pre- 
served shows  no  trace  of  a  stone  and  rather 
points  to  its  having  been  a  many-seeded  cap- 
sule. The  fact  that  the  wings  are  so  well 
developed  rather  precludes  the  inference  that 
the  central  papillose  portion  of  the  specimen 
represents  the  base  from  which  the  essential 
part  of  the  fruit  had  been  broken  away. 

The  remains  consist  of  a  stout  stalk  or 
pedimcle,  about  2.25  centimeters  in  length, 
sHghtly  enlarged  and  curved  proximad,  ex- 
panding distad  to  form  the  margin  of  a  central 
circular  thickened  papillose  disk,  which  is  2 
miUimeters  in  diameter.  From  this  margin 
diverge  in  a  semicircular  fashion  about  twelve 
wings  or  enlarged  bracts.  These  are  believed 
not  to  be  segments  of  a  calyx,  because  of  their 
collective  lack  of  sjrmmetry,  none  being 
developed  on  the  proximal  or  inner  side  of  the 
central  disk. 

These  bracts  are  separate  lanceolate  in  out- 
line, entire  margined,  acutely  pointed,  and 
about  5  millimeters  in  length  by  1.5  milUmeters 
in  maximum  width  in  their  expanded  median 
region.  Each  appears  to  have  two  longitudinal 
veins. 

The  systematic  position  of  this  interesting 
winged  fruit  is  unknown,  nor  do  I  recall  any- 
thing similar  in  the  existing  flora  or  in  described 
fossil  floras.  It  is  based  on  the  single  speci- 
men figured  and  its  counterpart. 

Occurrence:  Carrizo  sandstone  at  quarries 
half  a  mile  west  of  Carrizo  Springs,  Dimmit 
County,  Tex. 
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A  SECTION  OF  THE  PALEOZOIC  FORMATIONS  OF  THE  GRAND  CANYON  AT 

THE  BASS  TRAIL. 


By  L.  F.  Noble. 


INTRODUCTION. 

The  thick  series  of  horizontal  strata  of  Paleo- 
zoic age  which  makes  tlie  greater  part  of  the 
wall  of  the  Grand  Canyon  is  probably  broadly 
familiar  to  more  people  than  the  strata  exposed 
in  any  other  area  in  the  western  United  States. 
Each  detail  of  form  or  color  in  the  wall  is  so 
definitely  associated  with  a  bed  or  set  of  beds 
in  the  series  that  these  strata  are  the  very  ele- 
ments of  the  canyon  landscape.  Consequently 
they  have  been  described  not  only  by  geologists 
but  by  many  writers  who  have  been  interested 
in  the  Grand  Canyon  chiefly  as  a  scenic  spec- 
tacle. 

In  few  areas,  however,  where  the  general 
character  and  succession  of  the  rock  formations 
is  so  familiar  are  the  details  of  the  stratigraphy 
so  imperfectly  known.  In  the  Kaibab  division 
of  the  Grand  Canyon,  which  lies  within  the  bor- 
ders of  the  Grand  Canyon  National  Park  and  is 
the  best  known  and  most  visited  part  of  the 
canyon,  sections  of  the  Paleozoic  formations 
have  been  measured  at  four  different  places — 
(1)  at  Nunkoweap  Valley,  by  Walcott;  *  (2)  at 
Congress  Canyon  (now  known  as  Red  Canyon), 
along  the  Hance  trail,  by  Freeh;  ^  (3)  at 
Bright  Angel  (Cameron)  trail,  by  Darton  ^  and 
by  me;  *  and  (4)  in  the  region  about  Shinumo 
Creek  and  Bass  C^myon,  by  me.^ 

None  of  these  sections  shows  in  detail  the 
lithology  of  all  the  Paleozoic  formations  at  any 

»  Walcx)tt,C.  D.,  U.  S.  (}eol.  Survey  Tenth  Aim.-  Rept.,  pt.  1,  p.  5Si, 
1890. 

*  Freeh,  F.,  Section  at  Congress  Canyon:  Cong.  g<^ol.  internal.,  5*  sess., 
Compte  rendu,  pp.  476-481, 1894. 

*  Darton,  N.  II. ,  A  reconnaissance  of  parts  of  northwestern  New  Mexico 
and  northern  Arlrona:  U.  S.  (Jeol.  Survey  Bull.  435,  p.  21,  1910:  (Guide- 
book of  the  western  United  States,  Part  C,  The  Santa  Fe  Route:  U.  S. 
Geol.  Survey  Bull.  613,  pp.  124-130,  1915. 

4  Noble,  L.  F.,  The  geologic  history  of  the  Bright  Angel  quadrangle, 
Ariz.:  U.  8.  Geol.  Survey  Bright  Angel  topographic  map. 

»  Noble,  L.  F.,The  Shinumo  quadrangle.  <Jrand  Canyon  district,  Ariz.: 
U.  S.  Geol.  Survey  Bull.  549,  pp.  60-73,  1914. 


one  place,  although  some  of  them  show  the 
lithology  of  one  or  two  formations  in  detail. 
Consequently  none  is  adequate  as  a  standard 
for  close  and  accurate  comparison  and  cor- 
relation of  the  formations  from  place  to  place 
in  the  canyon  or  for  a  detailed  comparison 
with  Paleozoic  rocks  exposed  elsewhere  in 
Arizona. 

Realization  of  this  lack  of  detailed  strati- 
graphic  information  has  led  me  to  undertake 
a  more  thorough  study  of  the  Paleozoic  rocks 
in  the  Grand  Canyon  than  has  been  attempted 
previously.  This  work,  begun  in  1914  and 
continued  in  1916  and  1920,  has  supplied 
material  for  a  fuller  description  of  the  strata 
than  was  heretofore  possible. 

The  present  report  includes  a  complete 
columnar  section  of  the  Paleozoic  formations 
at  the  Bass  trail,  columnar  sections  of  the 
Cambrian  Tonto  group  at  five  other  places  in 
the  Kaibab  division,  and  a  discussion  of  the 
age  and  correlation  of  the  Paleozoic  forma- 
tions. Dr.  Walcott  has  kindly  furnished  from 
his  notes  material  for  a  fuller  description  of 
his  section  at  Kanab  Creek  than  has  been 
published,  and  I  have  used  this  material 
freely  in  comparing  and  correlating  the  strata 
exposed  at  Bass  Canyon,  in  the  Kaibab 
division,  with  those  exposed  at  Kanab  Creek, 
in  the  Kanab  division.  I  have  also  included 
in  the  report  a  section  of  the  strata  exposed  in 
Cedar  Mountain,  a  butte  on  the  Coconino 
Plateau  2  miles  east  of  the  rim  of  the  Grand 
Canyon  near  Tanner  Canyon.  This  section 
carries  the  Grand  Canyon  geologic  colunm 
up  into  the  Mesozoic.  The  strata  in  Cedar 
Mountain,  which  is  capped  by  the  Shinarump 
conglomerate,  of  Triassic  age,  are  the  only 
remnants  near  the  canyon  rim  of  formations 
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SECTION  AT  BASS  TRAIL. 

The  section  of  Paleozoic  rocks  at  the  Bass 
trail  is  given  below  in  two  forms — a  brief  sec- 
tion showmg  the  major  subdivisions  and  a  de- 
tailed section  with  comments  on  the  beds. 

Section  of  Paleozoic  rocks  at  Bass  trail. 

1.  General  section. 

CAKBONIKEKOrs    SYSTEM. 

Kaibab  limeetone  (Permian): 

A.  Grav  crystalline  limestone,  verv  fossilifcrous 

and  somewhat  cherty,  passing  at  base 
and  top  into  alternating  beds  of  very 
cherty  limestone  and  bnff  calcareous 
sandstone;  forms  (!liff8  and  steep  slopes. .       292 

B.  Buff  and  reddish  fme-graincd  sandstone, 

poorly  consolidated  and  irregularly  bed- 
ded, containing  beds  of  sandy  breccia 
near  top ;  forms  slope 136 

C.  Buff  sandstone  and  limestone  in  alternating 

beds,  passing  at  top  into  massive  siliceous 
limestone;  upper  portion  fonns  a  strong 
cliff;  central  portion  forms  cliffs  and 
ledges;  lower  portion  forms  a  slope 134 


562 


Coconino  sandstone  (Permian):  *    == 

Pale-buff,    uniformly    fine-grained    sandstone 

characterized   by   crossbedding  on   a  huge 

scale;  presents  the  appearance  of  a  single 

massive  bed;  forms  the  strongest  and  highest 

cliff  in  the  upper  wall  of  the  canyon 330 

Hermit  shale  (Permian): 

Deep  brick-red  sandy  shale  and  fine-grained 
friable  sandstone;  characterized  in  upper 
portion    by    concretionary    structiure;    beds 

form  slope 332 

Unconformity.  == 

Supai  formation (redefineil ;  Permian  (?)  and  Penn- 
sylvanian): 

A.  Alternating  beds  of  red  soft  platy  sandstone 

and  buff  hard  cross-bedded  sandstone, 
forming  a  ledgy  slope  broken  by  small 
cliffs;  passing  down  into  reddish  or  pur- 
plish to  buff  fine-grained  cross-bedded 
sandstone  in  heavy  massive  beds,  which 
form  a  strong  cliff 306 

B.  Alternating  beds  of  red  friable  shaly  sand- 

stone and  massive  cross-bedded  calcareous 
sandstone  including  a  few  thin  beds  of 
limestone  and  a  prominent  bed  of  lime- 
stone conglomerate  and  forming  a  steep 
ledgy  slope  broken  by  small  cliffs;  passing 
down  into  reddish  to  buff  fine-grained 
calcareous  sandstone  in  heavy  beds 
separated  by  thin  layers  of  limestone  or 
red  shale  and  forming  a  strong  cliff 439 

C.  Alternating  beds  of  red  shale,  bluish-gray 

or  purplish-gray  limestone,  and  reddish 
to  buff  calcareous  cross-bedded  sand- 
stone; passing  down  into  alternating  beds 

of  red  sandy  shale  and  bluish  or  piu*plish- 
gray  limeetone  containing  red  chert;  form 


ledgy  slope  broken  by  small  clifb;  out- 
crops of  many  beds  concealed  by  talus.  • 

Unconformity  (?).  ^ 

Redwall    limestone     (redefined    and    restricted; 
Mississippian): 

A.  Bluish-gray  massive  crystalline  limestone 

in  distinct  beds,  some  of  which  are  sepa- 
rated by  thin  partings  of  red  shale;  forms 
a  succession  of  small  cliffs  and  ledges 
above  sheer  cliff  of  subdivision  B 

B.  Bluish-gray  massive  crystalline  limesUme 

in  beds  whose  planes  of  separation  are 
iucon.spi('uous,  so  that  when  seen  tom  ft 
distance  much  of  the  limestone  presents 
the  appearance  of  a  single  massive  stift- 
tum;  forms  sheereiit  and  most  shftrply 
defined  cliff  in  the  canyon  wall;  thick- 
ness estimated db 

0.  Brecciated  limestone ;  forms  slope  under  cliff 
of  subdivision  B 


Unconformity  (?). 


DEVONIAN-   SYSTEM. 


Temple  Butte  limestone: 

Thin-bedded  buff  and  pale-purplish  sandy  mag- 
nesian  limestone;  more  or  less  blotched  ftad 
mottled;  harder,  more  massive  beds  altemsle 
with  softer,  more  conspicuously  laminated 
beds;  forms  ledgy  slope  broken  by  small 
cliffs 

Unconformitv.  ■ 

CAMBRIAN    SYSTEM  (TONTO  GROUP). 

Muav  limestone: 

A.  Buff  massive  dolomite;  forms  strong  cliff... 

B.  Buff    fine-grained    calcareous    sandstone; 

massive  at  top,  thinly  laminated  and  in 
part  micaceous  and  quartzoso  near  base; 
forms  cliff 

C.  Alternating  thinly  laminated  beds  of  impure 

mottled  limestone,  intraformational  con- 
glomerate, platy  fine-grained  micaceous 
sandstone,  and  calcareous  sandstone; 
form  steep  slope 

D.  Gray  to  buff  hard  thinly  laminated  mottled 

limestone;  contains  partings  of  greenish 
sandy  shale  for  10  feet  at  base;  forms  cliff. 

Bright  Angel  shale:  = 

A.  Thin-bedded  greenish  and  buff  micaceous 

shale  and  sandstone  with  interbedded 
layers  of  impure  mottled  limestone  and 
glauconitic  snuff-brown  dolomite  at  the 
base ;  beds  form  steep  slope  or  weak  cliff. . 

B.  Thin-bedded  greenish  and  buff  micaceous 

shale  and  sandstone  with  two  beds  of 
snuff-brown  dolomite  and  sandstone  in 
the  middle  portion  which  form  two  con- 
spicuous brown  cliffs  in  a  long  slope  made 
by  the  shales  and  sandstones 
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Tapeats  sandstone: 

A.  White  croes-bedded  sandstone;  forms  weak 

cUff 35 

B.  Chocolate-colored  sandstone  with  partings 

of  shale;  forms  steep  ledgy  slope 43 

C.  Massive      chocolate-colored      cross-bedded 

sandstone;  forms  sheer  cliff  along  rim  of 
Granite  Gorge 250 

328 

Total  thickness  of  Paleozoic  rocks ±4,014 

2.  Detailed  section. 

Kaibab  limestone: 

A.  1.  Limestone,  buff,  compact;  effervesces 
strongly  with  dilute  hydrochloric  acid; 
caps  a  small  cliff  on  the  rim  of  the 
canyon  at  the  head  of  Bass  trail.  Bass 
Camp,  on  the  Coconino  Plateau,  at 
the  head  of  the  trail,  is  built  upon  this 
stratum.  Higher  beds,  which  form 
the  surface  of  the  plateau  just  east  of 
the  camp,  are  not  included  in  this 
section 2 

2.  Limestone  (for  analysis  see  p.  69),  buff, 

siliceous;  texture  compact,  chalky; 
contains  small  cavities  lined  with  tinv 
crystals 6 

3.  Sandstone,  buff,  fine  grained,   calcare- 

ous; effervesces  with  acid 5 

4.  Alternating  thin  beds  of  variegated  chert 

and  fine-grained  calcareous  sandstone.  25 
6.  Limestone,  gray,  crystalline,  very  cherty, 
fossiliferous.  The  chert  occurs  in  nod- 
ules and  in  bands;  in  places  it  con- 
stitutes half  of  the  rock.  Aside  from 
the  abundance  of  chert  the  limestone 
resembles  No.  6 40 

6.  Limestone  (for  analysis  see  p.  69),  gray, 

hard,  crystalline,  somewhat  cherty, 
very  fossiliferous;  effervesces  strongly 
with  acid,  Beds  differ  greatly  in 
thickness;  some  are  a  few  inches  thick, 
others  several  feet.  The  chert  occurs 
in  scattered  nodules  and  in  bands  but 
is  not  a  conspicuous  feature  of  the 
rock 126 

7.  Alternating    beds   of   fine-grained    buff 

calcareous  sandstone,  buff  limestone, 

and  chert ;  form  small  conspicuous  cliff.        10 

8.  Limestone,  gray,  hard,  crystalline,  some- 

what cherty,  fossiliferous;  like  No.  6  . .        60 

9.  Sandstone,  lemon-buff,  fine-grained,  cal- 

careous; bedding  irregular,  gnarly; 
forms  a  gentle  slope  covered  in  most 

places  by  talus 10 

10.  Limestone,  thin-bedded,  very  cherty; 
effervesces  with  acid.  The  chert  con- 
stitutes over  half  of  the  rock  and  occurs 
in  parallel  bands  whose  average  thick- 
ness is  2  inches 8 

292 
[Note. — The  foregoing  section  of  subdi- 
\ision  A  was  measured  under  the  rim 
of  the  canyon  directly  in  front  of  Bass 
Camp,  at  locality  1,  figure  2.] 


B.  1.  Sandstone,  buff,  massive,  fine-grained, 
calcareous;  effervesces  weakly  with 
acid 4 

2.  Breccia   composed    chiefly    of    angular 

fragments  of  evenly  bedded  buff  fine- 
grained sandstone  embedded  in  a 
matrix  of  fine  lemon-buff  sand;  con- 
tains a  few  fragments  of  siliceous  lime- 
stone. The  fragments  range  in  diam- 
eter from  less  than  an  inch  to  over  4 
feet.  The  contact  of  the  breccia  with 
the  undcrlpng  sandstone  is  wa\y  and 
irregular,  exhibiting  in  places  ine- 
qualities of  several  feet 17 

3.  Sandstone,    buff,    fine-grained,    friable. 

The  component  grains  are  quartz,  as 
in  other  sandstones  of  the  Kaibab, 
but  are  very  loosely  cemented,  so  that 
the  rock  crumbles  to  sand  when  struck 
with  the  hammer 1 

4.  Sandstone  like  No.  3,  but  bright  red 2 

5.  Buff  sandstone  like  No.  3 8 

6.  Bright-red  sandstone  like  No.  4 2 

7.  Lemon-buff  sandstone  like  No.  3 5 

8.  Bright-red   sandstone    like  No.  4;  con- 

tains a  1-inch  layer  of  pale-green  sand- 
stone in  the  central  portion 7 

9.  Sandstone,  lemon-buff,  fine-grained,  fri- 

able; bedding  irregular,  gnarly;  con- 
tact with  underlying  sandstone  slightly 
wavy  and  irregular 3 

10.  Sandstone,   bright  red,   shaly;  bedding 

gnarly;  contact  with  underlying  brec- 
cia wavy  and  irregular,  exhibiting  in- 
equalitiesof  2  feetor  more 3 

11.  Breccia  composed  of  angular  fragments 

of  fine-grained  sandstone  av^uging  4 
inches  in  diameter.  Very  little  ma- 
trix between  the  fragments.  The 
appearance  of  the  rock  suggests  that 
it  was  crushed  and  shattered  after  it 
was  deposited.  The .  contact  with 
the  underlying  sandstone  is  irregular, 
exhibiting  inequalities  of  several  feet . .  4 

12.  Reddish-buff,  loosely  consolidated  fine- 

grained sandstone  in  indistinct  but 
fairly  even  beds,  some  of  which  display 
gnarly  structure;  forms  debris-covered 
slope;  exposures  poor.  The  upper  3 
feet  of  the  sandstone  is  bright  red  and 
thinly  laminated \?, 

13.  Sandstone  like  No.  12  but  more  com- 

pact, forming  a  weak  cliff;  gnarled 
and  twisted  structure  very  pronounced ; 
color  lemon-buff  to  reddish  buff 10 

14.  Sandstone  like  No.  12,  very  soft,  form- 

ing a  gentle  slope  that  is  covered 
nearly  everywhere  by  talus;  no  good 
exposures  obtainable.  Colored  white, 
lemon-buff,  greenish,  and  bright  red. 
In  some  places  the  color  is  in  blotches 
or  streaks;  in  others  a  single  color 
characterizes  each  bed 58 
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.  [Note. — ^The  foregoing  section  of  sub- 
division B  was  measured  on  the  north- 
east side  of  Fossil  Mountain,  at  lo- 
cality 2,  figure  2.] 
C.  1.  Limestone,    bu£f,    dense,    siliceous;  in 
heavy,  massive  beds;  forms  a  strong 
cliff;  contains  much  chert  in  bands  and 
nodules  and  many  small  cavities  lined 
with  crystals  of  quartz  or  calcite.     In 
appearance  the  rock  suggests  silicified 
chalk.    Some  beds  effer^'es(•e  weakly 
with  acid 48 

2.  Limestone  like  No.  1  but  in  thinner  beds 

(1  foot  or  loss)  which  are  separated  by 
thin  partings  of  buff  fine-grained  shaly 
sandstone ;  forms  a  st  eep  le<lg>'  slope —      12 

3.  Limestone  like  No.  1 ;  forms  a  cliff 16 

4.  Shaly  sandstone,  lemon-buff,  soft,  thin- 

bedded,  fine-grained;  makes  alcove 
under  overhanging  cliff  of  No.  3 2 

6.  Limestone,  buff,  in  heavy  beds  with 
thin  sandy  partings,  not  notably  sili- 
ceous; effervesces  strongly  with  acid; 
forms  cliff 8} 

6.  Shaly  sandstone  like  No.  4;  makes  alcove 

under  overhanging  cliff  of  No.  5 3 

7.  Limestone  like  No.  5  but  in  thinner  beds 

(I  foot  or  less);  formsslope 11 

8.  Limestone,    buff,    dense,  siliceous,    in 

heavy  beds;  contains  numerous  crystal- 
lined  cavities  apparently  form^  by 
the  solution  of  brachiopods;  does  not 
effervesce  with  acid 5) 

9.  Limestone  like  No.  7,  in  beds  separated 

by  very  thin  partings  of  sand 5 

10.  Sandstone,  buff,  fine-grained 5 

11 .  Limestone  like  No.  7,  but  in  a  single  bed .        1) 

12.  Sandstone,  buff,  fine-grained 6 

13.  Limestone,  buff,  siliceous,  fossiliferous: 

does  not  effervesce  with  acid :  contains 
numerous  small  cavities  lined  ^dth  cal- 
cite crystals li 

14.  Alternating   beds   of   lemon-buff   fine- 

grained sandstone  and  buff  limestone; 
beds  average  3  inches  in  thickness 6 

15.  Limestone,  buff,  not  notably  siliceous: 

effervesces  strongly  with  acid J 

16.  Sandstone,  lemon-buff,  fine-grained 2 

17.  Sandstone,  red,  fine-grained.    The  base 

of  this  layer  truncates  inclined  laminae 
of  the  underl>dng  Coconino  sandstone, 
which  dip  15°  S i 


[Note. — The  foregoing  section  of  8ul>- 
division  C  was  measured  directly 
above  the  point  where  the  Bass  trail 
descends  the  Coconino  sandstone,  at 
locality  3,  figure  2.] 
Coconino  sandstone:  Pale-buff  fine-grained  sand- 
stone, cros8-l>edded  on  a  hujie  nralc: 
appears  like  single  masviivc  l»od;  forms 
highest  cliff  in  upper  wall  of  canyon. 
The  base  of  the  sandstone  is  marked  by 
an  abrupt  dianire  from  buff  sandstone 
to  underlying  rod  shale,  and  the  con- 
tact is  an  even  line.     In  places  the 
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under  Burface  of  the  sandstone  showB 
impressions  of  sun  cracks.  For  25  feet 
above  the  base  the  cross-bedding  is  on 
a  small  scale,  and  horizontal  layers 
alternate  with  cross-bedded  layers; 
then  the  coarse  cross-I)edding  begins 
and  continues  upward  until  the  sand- 
stone is  truncated  by  the  level  base  of 
the  KaiUb 330 

[Note. — The  foregoing  section  of  the  Co- 
conino sandstone  was  measured  on  the 
Bass  trail  at  the  point  where  the  tndl 
descends  the  sandstone,  at  locality  3, 
figure  2.  At  Mount  Huethawali,  a 
mile  northwest  of  this  point,  the  basal 
layer  of  the  Coconino  is  massive  sand- 
stone 5  feet  thick  which  displays  no 
cross-bedding.] 

Hermit  shale: 

1.  Sandstone,  red,  soft,  fine-grained,  mas- 

sive, with  a  thin  layer  of  green  shale  at 
the  top.  Exhibits  well-marked  con- 
cretionary structure;  the  concretions 
are  spheroidal  forms  which  range  from 
half  an  inch  to  4  feet  in  diameter  and 
consist  of  the  general  mass  of  the  rock; 
in  weathering,  the  rock  splits  off  in 
concentric  shells  along  the  concretion- 
ary sur&u^es 5 

2.  Sandstone,  fine-grained,  massive;  resem- 

bles the  Coconino  sandstone  in  texture 
and  composition  but  is  not  cross- 
bedded;  lower  half  buff;  upper  half 
red  with  buff  blotches 6 

3.  Concretionary  sandstone  like  No.  1,  in 

massive  layers.  .\ 16 

4.  Shale,  deep  red,  thinly  laminated,  sandy.        24 

5.  Beds  of  soft  massive  concretionary  red 

sandstone  like  No.  1  alternating  with 
thinner  beds  of  deep-red  shale  like  No. 
4:  sandstones  and  shales  not  conspic- 
uously different  in  composition 28 

6.  Shale,  deep  red,  sandy 16 

7.  Sandstone,  pink,  hard,  very  finegrained; 

contains  cracks  and  cavities  filled  with 
crystals  of  calcite  (dog-tooth  spar) ;  rock 
itself  does  not  effervesce  with  acid; 
forms  small  prominent  cliff 6 

8.  Shale,  soft,  brick-red,  thinly  laminated, 

sandy 28 

9.  Sandstone,   brick-red,   friable,   massive; 

forms  weak  cliff 2 

All  underl>'ing  beds  of  shale  are  like 
No.  8;  all  underl>ing  beds  of  sand- 
stone like  No.  S).  The  beds  designated 
shale  and  sandstone  actually  differ 
little  in  composition;  both  consist  es- 
sentially of  sandy  mud  colored  red  by  a 
strong  forritic  pigment.  The  .beds 
designated  sandstone  are  massive  and 
relatively  compact,  as  contrasted  with 
the  beds  designated  shale,  which  are 
thinly  laminated  and  soft.  Both  types 
of  rock  are  friable. 
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10.  Shale,  contaming  beds  of  massive  friable 

sandstone  near  the  top 33 

11.  Sandstone  in  massive  beds;  contains  a 

1-foot  layer  of  shale  in  the  middle  \k>t- 

tion;  forms  weak  cliffs 8 

12    Shale 11 

13.  Sandstone;  forms  weak  cliff 10 

14.  Shale 33 

15.  Alternating  lenticular  beds  of  intraforma- 

tional  conglomerate  and  red  fine- 
grained sandstone  averaging  1  foot  in 
thickness;  beds  display  indistinct  sun 
cracks  and  rain  prints;  form  weak  cliff. 
The  conglomerate  consists  chiefly  of 
flattened  pebbles  of  fine-grained  sand- 
stone or  sandy  shale  less  than  1  inch  in 
diameter  embedded  in  a  matrix  of  red 
sandy  mud  but  contains  some  nodular 
or  concretionary  fragments  of  limestone        6 

16.  Shale 11 

17.  Sandstone 3 

18.  Shale 40 

19.  Sandstone 2 

20.  Shale 6 

21.  Sandstone;  forms  weak  cliff 5 

22.  Shale 16 

23.  Sandstone;  forms  weak  cliff 5 

24.  Shale 12 
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[Note. — ^The  forgoing  section  was  meas- 
ured at  the  east  end  of  Mount  Huetha- 
wali,  about  a  quarter  of  a  mile  north- 
west of  the  point  where  the  Bass  trail 
begins  to  descend  into  Bass  Canyon,  at 
locality  4,  figure  2.] 
Supai  formation: 

A.  1.  Sandstone,  white,  fine-grained,  cross- 
bedded,  hard,  calcareous;  effervesces 
with  acid ;  contains  many  cracks  lined 
with  calcite;  forms  a  small  conspicuous 
cliff  and  determines  a  wide  shelf  at 
the  general  level  of  the  Esplanade 
platform.  At  the  point  where  the  sec- 
tion was  measured  the  floor  of  the  Es- 
planade consists  in  part  of  this  sand- 
stone and  in  part  of  knolls  of  soft  red 
Hermit  shale  which  overlie  the  sand- 
stone         2J 

2.  Sandstone,  red,  soft,  friable,  platy,  fine- 

grained; forms  a  long,  gentle  slope.  ...       16 

3.  Sandstone,   buff,   fine-grained,   massive, 

weathers  white;  effervesces  with  acid; 
unites  with  underlying  bed  in  forming 
acliff .' 1 

4.  Sandstone,  pinkish  buff,  cross-bedded...        SJ 

5.  Red   soft  platy  sandstone  like  No.   2; 

forms  slope 4J 

6.  Massive  buff  sandstone  like  No.  3;  hard; 

forms  strong  cliff 12 

7.  Red  soft  platy  sandstone;  forms  slope. . .        7 

8.  Pinkish-buff  cross-bedded  sandstone  like 

No.  4;  forms  cliff 5 

91048°— 23 3 


A.  9.  Soft  platy  beds  of  red  sandstone  alternat- 
ing with  harder,  more  massive  beds; 
form  long  ledgy  slope 44 

10.  Pinkish-buff  cross-bedded  sandstone;  up- 

per surface  weathers  white;  forms  cliff.      lOJ 

11.  Red  soft  platy  sandstone;  forms  waste- 

covered  slope 6 

12.  Pinkish-buff     cross-bedded     sandstone; 

forms  cliff 7 

13.  Red  soft  platy  sandstone;  forms  waste- 

covered  slope 15 

14.  Fine-grained  eandstone  in  heavy,  massive 

beds,  some  of  which  are  separated  by 
thin  partings  of  red  soft  platy  sand- 
stone; cross-bedded  throughout;  in- 
clined laminae  dip  south;  some  beds 
near  the  base  display  an  irregular, 
gnarly  structure.  The  prevailing  color 
of  the  upper  40  feet  of  the  sandstone  is 
pale  brick-red;  that  of  the  lower  125 
feet  ranges  from  pale  purplish  to  buff. 
The  rock  of  most  beds  does  not  effer- 
vesce with  acid.  A  bed  of  sandy 
limestone  or  very  calcareous  sandstone 
2  feet  thick  occurs  35  feet  above  the 

base  of  the  sandstone 165 

A.  15.  Conglomerate,  composed  of  subangular 
fragments  of  sandstone  embedded  in  a 
matrix  of  fine  sand  of  the  same  compo- 
sition as  the  fragments;  probably  an 
intraformational  conglomerate;  dis- 
plays a  rude  concretionary  structure; 
fragments  weather  by  splitting  off  in 
concentric  shells.  Many  of  these  shells 
are  embedded  in  the  matrix.  The  con- 
glomerate varies  in  thickness  and  in 
places  is  absent;  appears  to  rest  upon  a 
slightly  uneven  surface 0-5 

306 

[Note. — At  the  rim  of  Bass  Canyon  di- 
rectlv  east  of  Mount  Huethawali  subdi- 
vision  A  of  the  Supai  is  cut  by  a  fault 
which  breaks  the  strong  cliff  formed  by 
bed  14.  The  Bass  trail  descends  the 
cliff  in  a  shattered  zone  a^ong  the  fault. 
The  strata  have  been  displaced  about 
130  feet  by  the  fault,  those  on  the  east 
side  being  relatively  lowered.  In 
measuring  subdivision  A  at  Bass  trail 
it  was  necessarv  to  divide  the  section 
at  the  fault.  Beds  1  to  13  and  the 
upper  40  feet  of  bed  14  were  measured 
west  of  the  fault,  in  the  slope  between 
the  trail  and  the  base  of  Mount  Hue- 
thawali, at  locality  4,  figure  2.  Bed 
15  and  the  lower  125  feet  of  bed  14 
were  measured  on  the  trail  just  east 
of  the  fault,  at  locality  5,  figure  2. 
The  thickness  which  I  have  assigned 
to  bed  14  may  be  incorrect,  because  I 
could  not  locate  equivalent  layers  in 
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the  bed  on  opposite  sides  of  the  fault, 
owing  to  the  homogeneity  of  the  sand- 
stone.] 
B.  1.  Magenta  or  reddish  platy  fine-grained 
shaly  calcareous  sandstone;  effervesces 
with  acid;  forms  slope 30 

2.  Hard  massive  sandy  limestone  or  very 

calcareous  sandstone;  effer\'eeces 
strongly  with  acid ;  unites  with  under- 
lying bed  in  forming  cliff 2 

3.  Gnarly  sandstone  blotched  purplish  and 

buff 5 

4.  Red  friable  sandstone;  forms  slope 5 

5.  Buff  cross-bedded  calcareous  sandstone: 

forms  cliff 10 

6.  Bed  friable  shaly  sandstone;  forms  slope.         11 

7.  Alternating  lenticular  beds  of  conglom- 

erate and  fine-grained  sandstone,  both 
croes-bedded.  Most  of  the  conglom- 
erate consists  of  well-rounded  water- 
worn  pebbles  4  inches  or  less  in  diame- 
ter embedded  in  a  matrix  of  red  mud 
and  sand;  most  of  the  pebbles  are 
bluish-gray  or  purplish-gray  nodular 
limestone,  but  some  are  line-grained 
sandstone.  Some  beds  exhibit  the 
peculiar  concretionary  structure  that 
characterizes  bed  15  of  subdivision  A 
and  consist  of  subangular  fragments  of 
sandstone  ranging  from  less  than  1  inch 
to  more  than  2  feet  in  diameter  em- 
bedded in  sand  of  the  same  composi- 
tion as  the  fragments.  The  l)ed8  of 
conglomerate  and  sandstone  rest  on  an 
uneven  surface  that  exhibits  a  relief  of 
several  feet 28 

8.  Red  friable  shaly  sandstone;  forms  slope.        10 

9.  Pinkish-buff     cross-bedded     calcareous 

sandstone;  unites  \nth  underlying  bed 

in  forming  cliff 18 

10.  Pink  hard  massive  sandy  limestone  or 

very  calcareous  sandstone:  effervesces 
strongly  with  acid 3 

11.  Red  friable  soft  sandstone:  exhibits  con- 

cretionary structure:  forms  slope 8 

12.  Buff  cross-bedded  sandstone :  forms  cliff.         20 

13.  Beds  of  red  shale  and  soft  concretionary 

calcareous  sand.Htone:  form  alcove 
under  cliff  of  No.  12 G 

14.  Light  brick-red  to  pinkish-buff,   rather 

soft  cro8S-l>edded  calcareous  sandstone 
with  a  few  interbedded  layers  of  red 
shaly  sandstone;  forms  a  steep  ledgy 
slope  ]>roken  by  weak  cliffs:  some  1  )eds 
contain  elongated  rudely  cylindrical 
or  conical  forms  which  are  lighter  in 
color  than  the  Jiiass  of  the  rock  and  in 
places  weather  out  of  the  rock.  These 
forms  are  of  various  sizes,  but  most  of 
them  are  less  than  1  inch  in  diameter. 
They  are  undoubtedly  organic  in  ori- 
gin and  may  be  fucoids 80 


B.  15.  Red  friable  soft  thinly  laminated  sand- 
stone; forms  slope 10 

16.  Massive  sandy  limestone  or  very  calca- 

reous sandstone;  rests  on  a  slightly  un- 
even wavy  surface  that  truncates  in- 
clined laminae  of  the  underlying  sand- 
stone; caps  cliff  formed  by  the  under- 
l>'ing  sandstone 3 

17.  Buff  fine-grained  cross-bedded  calcareous 

sandstone;  effervesces  with  acid.  The 
cross- bedding  is  on  a  coarse  scale;  sev- 
eral wedges  exceed  30  feet  in  thickness, 
and  one  wedge,  exposed  at  the  4,857- 
foot  l)ench  mark  on  the  Bass  trail,  is  as 
thick  as  the  entire  bed.  The  Bass 
trail  descends  the  bed  on  the  inclined 
laminae  of  this  wedge;  inclined  lami- 
nae in  all  wedges  dip  south;  curvature 
of  laminae  not  a  conspicuous  feature; 
angular  type  of  cross-bedding  appears 
to  prevail ;  bed  forms  strong  cliff 44 

18.  Alternating  beds  of  red  friable  calcareous 

sandstone  and  maroon  soft  thinly  lam- 
inated shale ;  form  ledgy  slope 28 

19.  Light   brick-red    calcareous   sandstone; 

effervesces  strongly  with  acid ;  contains 
elongated  cylindrical  or  conical  forms 
similar  to  those  in  bed  14  and  numer- 
ous obscure  small  branching  forms 
which  may  represent  either  fucoids  or 
worm  burrows;  makes  a  ledgy  slope ...  6 

20.  Nodular  purplish-gray  limestone;    con- 

tains large  numbers  of  the  obscure 
forms  noted  in  bed  19;  caps  cliff 
formed  by  underlying  bed 1 

21.  Buff  cross-l>edded  calcareous  sandstone; 

like  No.  17,  but  the  cro88-l)edding  is  on 

a  less  coarse  scale;  forms  strong  cliff. . .        20 

22.  Beds  of  calcareous  sandstone  blotched 

red  and  buff  separated  by  thin  beds  of 
maroon  shale  which  exhibit  sun- 
cracked  surfaces;  form  alcove  under 
cliff  of  No.  21.  The  Bass  trail  follows 
tliis  alcove  southward  to  a  gulch  in 
which  it  descends  a  long  roc^k  slide  to 
the  base  of  the  Supai 6 

23.  Hard   pinkish   or   purplish    fine-grained 

limestone  blotched  greenish  buff; 
crj-stalline  in  places;  contains  the  ob- 
scure forms  noted  in  bed  19,  also  small 
masses,  largely  calcite,  whose  outlines 
suggest  those  of  brachiopods;  with 
underlying  beds  forms  strong  cliff...  3 

24.  Beds  of  pinkish  fine-grained  limestone; 

formcUff 10 

25.  Buff  cross-bedded  calcareous  sandstone 

Uke  No.  21 ;  forms  cliff 35 

26.  Red  shale;  forms  small  alcove 1 

27.  Buff  cross- bedded  calcareous  sandstone 

like  No.  21,  divided  into  two  beds  by 
a  tliin  parting  of  red  shale  in  the  cen- 
ter;   forms    strong  cliff.    The   under 
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Burbce  of  the  lower  eandstone  bed  ex- 
hibits casts  of  sun  cracks  at  the  contact 

with  the  underlying  shale 34 

B.  28.  Maroon  shale i 

29.  Massive  buff  calcareous  sandstone;  base 

slightly  uneven,  wavy li 

439 


C.  1. 


2. 


3. 


4. 


5. 

6. 

7. 


8. 


9. 


10. 
11. 

12. 
13. 


14. 
15. 


16. 


Bluish-gray  nodular  limestone  mixed 
with  fed  mud  which  imparts  a  blotched 
or  mottled  appearance  to  the  rock 1 

Maroon  shale;  exhibits  concretionary 
structure;  in  part  brecciated;  craclcs 
between  fragments  infiltrated  with 
red  mud;  contact  with  underlying  bed 
uneven,  wavy 2-4 

Bluish-gray  nodular  limestone  mixed  with 
purplish  mud,  some  of  which  appears 
to  have  been  infiltrated  along  cracks; 
in  part  brecciated;  contains  the  ob- 
scure forms,  probably  fucoids,  noted 
in  B  14,  20,  and  other  beds 3 

[Note.— Beds  B  28  and  29  and  C  1,  2, 
and  3  form  an  alcove  under  the  cliff 
at  the  base  of  subdivision  B.  The 
foregoing  section,  including  all  of  sub- 
division B  and  beds  1  to  3  of  subdivi- 
sion C,  was  measured  on  or  near  the 
Bass  trail  on  the  west  side  of  Bass 
Canyon,  at  locality  5,  figure  2.] 

Slope  covered  by  talus,  largely  concealing 
underlying  rock.  Exposed  beds  con- 
sist of  purpUsh  platy  calcareous  sand- 
stone or  sandy  limestone,  blotched 
buff,  separated  by  thin  layers  of  red 
shale 28 

Pinkish-buff  hard  cross-bedded  calcareous 
sandstone;  forms  cliff 10 

Red  platy  sandy  shale 3 

Bluish -gray  compact  crystalline  cherty 
limestone  passing  downward  into  hard 
cross-bedded     calcareous     sandstone; 

forms  cliff 14 

« 

Cross-bedded  calcareous  sandstone  with 
a  2-inch  layer  of  red  shale  at  the  base; 

forms  steep  slope 11 

Purplish  sandy  limestone;  unites  with 
underlying  bed  in  forming  a  cUff;  con- 
tact with  underlying  bed  uneven,  ex- 
hibiting inequalities  of  2  feet  in  places.  1-3 
Hard  cross- bedded  calcareous  sandstone.  2^ 
Red  soft  shaly  sandstone;  in  part  cross- 
bedded  ;  forms  a  weak  cliff 30 

Red  sandy  shale;  forms  slope 22 

Bluish-gray  limestone  with  conspicuous 
bands  of  reddish  or  pink  chert;  in 
places  the  limestone  is  mixed  with  red- 
dish or  purplish  mud,  which  imparts  a 

mottled  appearance  to  the  rock 2 

Red  sandy  shale ;  forms  slope 4 

Purplish  sandy  limestone,  in  part  crystal- 
line; contains  a  few   nodules  of  red 

chert;  forms  slope 5 

Red  soft  fine-grained  shaly  sandstone  in 
platy  beds;  forms  slope 6 


C.  17.  Buff  hard  fine-grained  calcareoof  saaid- 

stone;  forms  strong  cliff 9 

18.  Buff   fine-grained   shaly   sandstone;   in 

part  conglomerate  composed  of  lumps 
of  chert  and  buff  sandy  limestone 
averaging  an  inch  in  diameter;  forms 
slope 5 

19.  Red  shale;  forms  slope 12 

20.  Bluish-gray  limestone  containing  parallel 

bands  of  red  chert 2 

21.  Purplish    massive   friable   sandy    shale 

speckled  with  small  circular  buff  spots, 
passing  down  into  bluish-gray  nodular 
cherty  limestone 5- 

22.  Gnarly  nodular  bed  composed  of  lumps  of 

purplish  sandy  shale  mixed  with  pur- 
plish mud 1 

23.  Conspicuously  banded  bed  composed  of 

bluish-gray  limestone  and  white  or  red 
chert;  forms  strong  cliff;  the  alternat- 
ing bands  of  chert  and  limestone  aver- 
age an  inch  in  thickness;  in  places  the 
limestone  at  the  summit  of  the  bed  is 
mixed  or  infiltrated  with  red  mud. . ..        IQ 

24.  Crentle  slope  covered  by  talus  which  con- 

ceals the  bed  so  completely  that  no 
outcrops  can  be  found.  The  bed 
appears  to  be  a  reddish  or  purplish  soft 
shale 14 


208 


[Note. — The  foregoing  section  was  meas- 
ured on  the  east  side  of  Bass  Canyon  a 
quarter  of  a  mile  northeast  of  the  point 
where  the  Bass  trail  descends  a  break 
in  the  Redwall  cliff  at  the  head  of  the 
canyon,  at  locality  6,  figure  2.  This 
break  is  on  the  line  of  a  fault  along  the 
axis  of  Bass  Canyon.  The  strata  are 
displaced  about  75  feet  by  the  fault, 
those  on  the  west  side  of  the  canyon 
being  relatively  lowered.] 

Redwall  limestone: 

A.  1.  Bluish-gray  massive  lim^tone  in  heavy 
beds;  contains  a  few  scattered  nodules 
of  chert;  forms  strong  cliff 38 

2.  Red,    purple,    or    greenish-buff    shale; 

thinly  laminated ;  forms  slope 1 

3.  Beds  of  bluish-gray  limestone  separated 

in  places  by  paper-thin  partings  of  red 
shale ;  form  steep  ledgy  slope 7 

4.  Bluish-gray  limestone  and  red  shale  in 

alternating  beds  which  average  1  inch 
thick ;  form  slope 2 

5.  Crystalline  limestone;  white  on  freshly 

broken  surfaces;  effervesces  strongly 
with  acid ;  contains  a  few  chert  nodules 
and  here  and  there  a  poorly  preserved 
fossil  (see  pp.  56-57) ;  forms  strong  cliff .  g 

6.  Bluish-gray  crystalline  limestone  in  beds 

less  than  6  inches  thick  separated  by 
paper-thin  partings  of  reddish  or  buff 
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aaiidy  lilialo;  wuHtua  back  in  a  tilupc, 
U»aviiiK  a  IcMlge  at  the  summit  of  the 
shwr  clitT  of  Huhdivision  B 


8 


62 


[NoTK.— Tho  forppoiup;  section  was  nicas- 
uroil  on  the  ea<t  side  of  Hass  (.'anyon 
din»ctly  under  the  place  where  sub- 
division ('  of  the  Supai  was  measured, 
at  locality  <'»,  figure  2.] 
li.  Massive  crystalline  limestone  U  )rmins:  a  sheer 
high  'liff;  upper  iH)rtion  heavily  an<l 
o'>8curely  l>e<M<Hl;  middle  portion  dis- 
tinctly belded  and  containing  many 
thin  interlxMlde  1  layers  of  chert  ami 
sand;  lower  portion  heavily  hei^lded 
and  riagnesian.  Most  be<ls  contain 
scat  tere.l  no«lules  of  chert .  Many  <*on- 
tain  <-oarse  crystals  of  calcite;  some  of 
the  calcite  lines  cavities;  some  of  it 
occurs  in  large  masses  in  the  rock; 
some  of  it  forms  beds  several  inches  to 
a  foot  thick.  Int^jrcalattnl  layers  of 
8an<l  are  commonly  less  than  a  foot 
thick,  are  loosely  cemented,  and  ex- 
hibit gnarly  structure;  most  of  them 
rest  on  irregular,  wavy  surfaces.  In 
many  places  the  limestone  cliff  is 
stained  pink  by  ferritic  pigment 
washed  over  it  from  overlying  red 
shales;  unstained  surfaces  of  the  lime- 
stone weather  bluish  gray;  freshly 
broken  surfaw^s  are  gray,  buff,  or  white. 
Subdivision  B  is  rudely  di\'iflible  into 
three  members,  a^  follows: 

1.  Obscurely    bedded   limestone,    most   of 

which  is  in  heavy  beds;  beds  differ 
greatly  in  thickness,  some  being  over 
20  feet  thick,  others  only  a  few  inches; 
most  of  the  limestone  is  finelv  crvstal- 
line,  light  gray  or  white  on  freshly 
broken  surfaces,  and  ver\'  pure  (for 
analysis  see  p.  55);  efferv^esces  strongly 
with  acid.  Contains  a  few  thin  beds  of 
sand,  some  chert,  and  much  calcite  in 
coarse  crystals.  Surface  of  limestone 
at  top  of  cliff  exhi!)its  very  poorly  pre- 
served fossils.    Thickness  estimated..   ±200 

2.  Distinctly  bedde<l  limestone  in  rather 

uniform  beds,  most  of  which  do  not 
exceed  5  feet  in  thickness;  linu^stone 
beds  alternate  ^^'ith  thin  layers  of  chert 
or  san  1;  effervesce  strongly  with  acid; 
some  beds  are  very  fossiliferous,  but 
fossils  are  poorly  pre8er\-e<l.  Owing  to 
its  laminated  character  this  member  is 
less  resistant  to  erasion  and  receiles 
faster  than  the  overlying  heavy-bedded 
limestone,  so  that  in  many  places  it  is 
overhung  by  the  overlying  member. 
This  difference  in  erosion  determines 


t  he  formation  of  great  niches  or  alcoves 
in  the  Bed  wall  cliff.  Thicknees  esti- 
mated     rt220 

B.  3.  Heavy-bedded  magnesian  limestone; 
chemical  composition  near  that  of  dolo- 
mite (see  analysis,  p.  55);  does  not  ef- 
fer\'es(!e  freely  with  acid;  some  beds 
are  separated  by  thin  layers  of  loosely 
consolidated  sandstone;  under  Wal- 
lace Butte  the  limestone  rests  on  a 
layer  of  loose  gnarly  sandstone  1  foot 
thick.     Thickness  estimated ±80 


±500 


[Note. — The  foregoing  section  of  sulxli-id- 
sion  B  was  examined  along  the  Bass 
t  rail,  at  locality  6,  figure  2.  The  thick- 
ness assigned  to  8ubdi\'i8ion  B  is  the 
thickness  of  its  cliff  under  Wallace 
Butte  in  Bass  Canyon  as  measured  on 
the  topographic  map  of  the  Shinumo 
qua^lrangle.] 
('.  Brecciated  limestone  composed  of  suban- 
gular  fragments  of  limestone  6  inches 
or  less  in  diameter  embedded  in  a 
matrix  of  yellowish  or  purptish  sand; 
in  places  passes  into  gnarly  calcareous 
sandstone  or  into  limestone  containing 
irrt^lar  masses  of  yellowish  or  pur- 
pli.sh  sand;  forms  steep  slope  or  weak 
cliff  under  sheer  cliff  of  8ubdi\'ision  B. 
In  places  the  base  of  this  curious  bed  is 
uneven;  in  places  the  summit  is  un- 
even.   Average  thickness 


8 


[Note. — ^Tho  foregoing  section  of  sub- 
division C  was  measured  under  Wallace 
Butte  on  the  west  side  of  Bass  Canvon, 
at  locality  7,  ligure  2.] 

Temple  I^utte  limestone: 

1.  Thinly  laminated  sandy  magnesian  lime- 

stone in  rubbly  beds  mottled  pale 
purplish  or  buff;  efferv'escee  feebly 
\nth  acid;  soft;  forms  sloi)e.  Some 
mottled  beds  resemble  beds  in  the 
Muav  limestone  that  have  been  bored 
by  worms 10 

2.  Limestone  like  No.   1  but  harder  and 

more  massive ;  forms  small  cliff 3 

3.  Thin  beds  of  limestone  like  No.  1  alter- 

nating with  thin  beds  of  intraforma- 
tional  conglomerate  composed  largely 
of  flattened  i)ebbles  of  limestone;  form 

sloi>e 5j 

■1 .  Limestone  like  No.  2 ;  forms  cliff 4^ 

5.  Limestone  like  No.  1 ;  forms  slope 21 

G.  Limestone  like  No.  2;  forms  small  cliff.. .  1 

7.  Limestime  like  No.  1;  fonnssloi)e 6 

8.  Linu»stone  like  No.  2:  forms  strong  cliff..  3 
\K  Limestone  like  No.  2;  forms  cliff 3 


PALEOZOIC  FORMATIONS  OF  THE  GBAND  CANYON. 


33 


10.  Massive  bed  of  purplish  crystalline  mag- 

nesian  limestone;  forms  cliff 

11.  Limestone  like  No.  2;  forms  cliff;  surface 

exhibits  cross  sections  of  poorly  pre- 
served cup  corals  (?) 

12.  Limestone  like  No.  1 ;  forms  slope 

13.  Limestone  like  No.  2;  forms  cliff 

14.  Limestone  like  No.  1  (for  analysis  see 

p.  52);  very  soft;  forms  gentle  slope 
above  strong  cliff  at  top  of  underhdng 
Muav  limestone 


[Note. — The  foregoing  section  was  meas- 
ured under  Wallace  Butte  on  the  west 
side  of  Bass  Canyon,  at  locality  7, 
figure  2.  At  this  locality  the  con- 
tact between  bed  14  and  the  un- 
derhdng  Muav  limestone  exhibits  no 
irregularity  in  a  distance  of  1,000 
feet,  and  the  bed  appears  to  rest  con- 
formably upon  the  Muav  limestone, 
but  in  Ruby  Canyon,  2  miles  southeast 
of  Bass  Canyon,  the  contact  is  very 
uneven,  exhibits  vertical  inequalities 
of  40  feet  or  more  in  horizontal  dis- 
tances of  a  few  hundred  feet,  and 
clearly  represents  a  strong  line  of 
erosion.] 

Muav  limestone: 

A.  1.  Buff  hard  massive  crystalline  dolomite  in 
heavy  beds  (for  analysis  see  p.  — ) ;  does 
not  effervesce  with  acid;  forms  cliff. 
At  one  place  on  the  east  side  of  Bass 
Cailyon  the  thickness  of  the  dolomite 
is  25  feet  less  than  it  is  under  Wallace 
Butte,  on  the  west  side  of  the  canyon, 
where  this  section  was  measured.  Ap- 
parently a  depression  in  the  surface  of 
erosion  at  the  top  of  the  Muav  exists 
at  that  point,  but  the  feature  is  obsciu'e 
because  fans  of  talus  mask  the  strata 
for  some  distance  on  both  sides  of  the 
exposure 

2.  Poorly  exposed  bed  of  soft  rock,  appa- 

rently greenish-buff  shaly  sandstone; 
determines  a  narrow  ledge  whi(h 
breaks  the  cliff  formed  by  Noe.  1  and  3 

3.  Buff  hard  massive  crystalline  dolomite 

in  heavy  beds;  probably  originally  a 
very  fine  calcareous  sand;  exhibits 
indistinct  cross-bedding;  forms  cliff- . 


B.  Pale-buff  to  greenish -buff  fine-grained  cal- 
careous sandstone  blotched  purplish 
in  places;  beds  differ  greatly  in  thick- 
ness, ranging  from  a  fraction  of  an  inch 
to  6  feet;  some  beds  are  massive;  others 
thinly  laminated;  some  exhibit  in- 
distinct cross- bedding;  massive  beds 
predominate  in  upper  part  of  the  sub- 
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division,  thinly  laminated  beds  in 
lower  part.  The  sand  is  prevailingly 
calcareous;  many  beds  effervesce  read- 
ily with  acid,  and  specimens  of  these 
beds  tested  in  the  Survey  laboratory 
show  little  ma^esium;  the  rock  in  a 
few  massive  beds,  however,  resembles 
the  overlying  dolomite  (A  3),  effer- 
vesces feebly,  and  is  magnesian. 
Some  of  the  sand  is  finely  micaceous, 
and  some  is  finely  quartzose.  A  num- 
ber of  the  beds  contain  tiny  greenish 
grains  of  glauconite.  Some  beds  are 
worm  -bored .  Beds  of  intraf  ormational 
conglomerate  composed  of  flattened 
pebbles  of  calcareous  sandstone  occur 
at  several  horizons.  A  thin  layer  of 
reddish  sandv  shale  associated  with  a 
bed  of  intraf  ormational  conglomerate, 
40  feet  above  the  base  of  the  sub- 
division, exhibits  well-preserved  sun 
cracks.  The  laminated  beds  at  the 
base  of  the  subdi\'i8ion  consist  chiefly 
of  platy  micaceous  sandstone  which 
does  not  effervesce  with  acid 72 

C.  1.  Thin  layers  of  calcareous  intraf  ormational 
conglomerate,  platy  greenish  micaceous 
sandstone,  greenish  micaceous  shale, 
and  buff  cross-bedded  calcareous  sand- 
stone in  countless  alternations.  The 
intraformational  conglomerate  consists 
essentially  of  small  flattened  pebbles  of 
gray  and  buff  mottled  limestone  like 
that  of  subdivision  D  and  buff  calcare- 
ous sandstone;  all  parts  of  it  effervesce 
with  acid.  The  pebbles  have  rounded 
edges  and  are  cemented  together  by 
fine-grained  calcareous  micaceous 
sandy  mud  or  by  calcium  carbonate. 
Most  of  the  rock  contains  worm  bur- 
rows and  fucoidal  casts  filled  with  buff 
sand .  Beds  range  in  thickness  from  less 
than  half  an  inch  to  6  inches  and  are 
lenticular;  many  wedge  out  in  dis- 
tances of  100  feet;  some  pass  horizon- 
tally into  cross-bedded  sandstone; 
small  local  unconformities  are  common. 
Some  beds  are  blotched  purplish. 
Many  layers  of  the  micaceous  sandstone 
and  shale  are  as  thin  as  cardboard. 
Much  of  the  calcareous  sandstone  con- 
sists almost  entirely  of  calcium  carbon- 
ate and  might  be  classed  as  limestone, 
but  the  cross-bedding  reveals  its  clastic 
origin.  In  most  places  bed  1  and  the 
underlying  beds  2  to  7  form  cliffs 8 

2.  Gray  and  buff  mottled  limestone  like  sub- 

division D,  but  in  beds  separated  by 
partings  of  buff  sand  as  thin  as  card- 
board         2 

3.  Intraformational  conglomerate  like  that  in 

bed  1... 1 
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C.  4.  Mottled  limestone  in  thin  beds  with  sandy 

partings 1 

5.  Intraformational  conglomerate i 

6.  Mottled  limestone  in  thin  beds  with  sandy 

partings 2 

7.  Intraformational  conglomerate 1 

8.  Beds   of   intraformational   conglomerate 

averaging  6  inches  thick  alternating 
with  thin  beds  of  gray  and  buff  mottled 
limestone;  form  steep  cliff 32 

9.  Hard  massive  bed  of  intraformational  con- 

glomerate; forms  small  cliff 1 

10.  Beds  like  No.  8  but  containing  numerous 

very  thin  partings  of  fine  micaceous 
and  calcareous  buff  sandstone  near 
base;  form  slope 43 

11.  Buff  fine-grained  crystalline  limestone, 

weathering  snuff-brown:  effervesces 
strongly  with  acid ;  exhibits  indistinct 
cross-bedding  and  is  probably  com- 
posed of  fine  calcareous  sand;  hard; 
forms  small  conspicuous  brown  cliff  and 
is  a  very  persistent  bed  in  the  western 
part  of  the  Kaibab  division,  being 
traceable  throughout  the  Shinumo 
quadrangle 8 

12.  Beds  of  gray  and  buff  mottled  limestone 

and  intraformational  conglomerate  in 
countless  alternations;  contain  many 
thin  partings  of  fine-grained  buff  or 
greenish-buff  micaceous  and  calcareous 
sand;  worm  borings  and  fucoidal  casts 
abundant;  beds  form  slope.  In  gen- 
eral the  beds  of  mottled  limestone  con- 
tain more  buff  fine  sandy  material  than 
those  which  constitute  the  underlying 
subdivision  D,  although  some  are  com- 
paratively pure.  An  analysis  of  a 
sample  from  a  typical  bed  of  the  impure 
mottled  limestone  35  feet  below  the  top 
of  No.  12  in  Turquoise  Canyon  (see  p.  43) 
shows  that  about  a  quarter  of  the  rock 
consists  of  insoluble  material,  probably 
silica,  whereas  the  remainder  consists 
essentially  of  calcium  carbonate  with 
only  a  trace  of  magnesium.  The  beds 
of  intraformational  conglomerate  effer- 
vesce as  freely  with  acid  as  the  mottled 
limestone ;  tests  indicate  that  they  are 
not  magnesian  and  that  they  probably 
differ  little  in  chemical  composition 
from  the  impure  mottled  limestone 142 

D.  Gray  and  buff  hard  thin-bedded  mottled 

limestone;  effervesces  with  acid;  forms 
strong  cliff.  The  color  of  the  pure 
limestone  is  gray  to  bluish  gray,  but 
many  beds  contain  a  var>'ing  amount  of 
buff  fine  calcareous,  more  or  less 
micaceous  sand  or  sandy  mud  which 
imparts  a  mottloil  appearance  to  the 
rock.  The  limestone  contains  numer- 
ous fucoidal  or  coralloid  fornif ,  most  of 
which  are  c«)mp<xsed  of  the  buff  sandy 
material,  but  some  of  which  are  com- 


posed of  the  limestone  itself.  Probably 
most  of  these  forms  are  filled  worm 
burrows.  At  the  base  of  the  subdivi- 
sion thin  layers  of  platy  buff  sandstone 
and  greenish  shale  alternate  with  the 
mottled  limestone  for  about  10  feet. . . 


[Note. — The   foregoing   section   of   the 
Muav  limestone  was  measured  under 
Wallace  Butte  on  the  west  side  of  Baas 
Canyon,  at  locality  7,  figure  2.] 
Bright  Angel  shale: 

A.  Beds  of  greenish  soft  micaceous  shale  in 
paper-thin  laminae  alternating  with 
berls  of  buff  platy  hard  fine-grained 
micaceous  quart  zose  sandstone  which 
range  in  thickness  from  a  quarter  of  an 
inch  to  an  inch ;  worm  borings  abun- 
dant; beds  form  alcove  under  cliff  of 
subdi\'ision  D  of  Muav  limestone 

2.  Alternating  thin  beds  of  worm- worked 

buff  calcareous  sandstone  and  greenish- 
buff  micaceous  sandy  shale;  form  steep 
slope 

3.  Thin  beds  of  buff  sandstone,  greenish 

shale,  mottled  limestone  like  Bubdi\i- 
sion  D  of  the  Muav,  and  snuff-brown 
dolomite  in  countless  altemationB; 
most  beds  less  than  1  inch  thick;  worm 
borings  abundant;  many  layers  of  sand- 
stone ripple-marked;  beds  form  weak 
cliff 

4.  Snuff-brown  hard  crystalline  glauconitic 

dolomite  forming  small  cliff.  The 
glauconite  appears  to  constitute  from 
a  quarter  to  a  half  of  the  rock  and 
occurs  in  tiny  rounded  grains  scat- 
tered through  a  groundmaas  of  crys- 
talline dolomite.  Although  the  rock 
is  crystalline,  weathered  surfaces  ex- 
hibit distinct  cross-bedding,  showing 
that  the  rock  is  of  classic  origin 


B.  Thin  beds  of  buff  platy  quartzitic  sandstone 
and  greenish  micaceous  shale  in  count- 
less alternations;  glauconite  very 
abundant  at  top;  a  4-inch  bed  of 
magenta  sandstone  containing  groimd- 
up  remains  of  linguloid  brachiopoda 
and  much  glauconite  occurs  7  feet 
above  the  base;  neither  sandstone  nor 
shale  effervesces  with  acid;  beds  form 
slope.  The  sandstone  beds  average  a 
quarter  of  an  inch  in  thickness  and 
consist  chiefly  of  tiny  transparent  grains 
of  quartz  but  contain  small  flakes  of 
muscovite  and  scattered  grains  of 
glauconite;  most  beds  speckled  with 
small  reddish  or  brownish  sjwts;  ripple 
marks  and  worm  burrows  abundant. 
Much  of  the  shale  is  in  paper-thin 
laminae  whose  surfaces  exhibit  a  satiny 
luster  imparted  by  innumerable  tiny 
flakes  of  musco^dte;  many  outcrops  are 
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covered  with  a  whitdah  saline  efflor- 
escence       17 

B.  2.  Magenta  to  dark-green  glauconitic  sand- 
rock  passing  at  top  into  a  6-inch  bed  of 
snuff-brown  glauconitic  crystalline 
dolomite;  forms  weak  cliff.  In  places 
the  sandrock  and  dolomite  pass  into 
intraformational  conglomerate  con- 
taining broken  shells  of  linguloid 
brachiopods.  The  dark-green  phase  of 
the  sandrock  owes  its  color  to  glauco- 
nite;  the  magenta  phase  owes  its  color 
to  ferritic  cement,  largely  hematite, 
which  makes  the  rock  relatively  heavy        2  J 

3.  Buff  platy  sandstone  and  greenish  shale 

like  No.  1 ;  bedsform  slope 60 

4.  Dark   magenta   cross-bedded   sandstone 

containing  much  glauconite;     forms 
small  cliff H 

5.  Buff  platy  sandstone  and  greenish  shale 

like  No.  1;  glauconite  very  abundant; 
beds  form  slope 38 

6.  Thin  beds  of  snuff-brown  to  buff  fine- 

grained calcareous  sandstone  forming 
the  upper  of  the  two  prominent  brown 
cliffs  in  the  middle  of  the  Bright 
Angel  shale;  thin  platy  beds  of  finely 
crystalline  buff  dolomite  containing 
shells  of  linguloid  brachiopods  occur 
in  the  upper  5  feet 13 

7.  Buff  platy  sandstone  and  greenish  shale 

like  No.  1 ;  beds  form  slope  and  ledge 
between  the  cliffs  of  Nob.  6  and  8; 
some  thin  beds  consist  almost  wholly 
of  glauconite 38 

8.  Heavy  beds  of  snuff-brown  massive  crys- 

talline dolomite  (for  analysis  see  p.  40), 
7  feet;  passing  down  into  beds  of  buff 
fine-grained  cross-bedded  glauconitic 
sandstone,  5  feet;  the  dolomite  and 
sandstone  form  the  lower  of  the  two 
brown  cliffs  in  the  middle  of  the 
Bright  Angel  shale 12 

9.  Buff  platy  sandstone  and  greenish  shale 

like  No.  1;  a  4-inch  bed  of  foesilif- 
erous  magenta  glauconitic  sandstone 
occurs  34  feet  above  the  base;  beds 
form  gentle  slope 66 

10.  Foesiliferous  magenta  glauconitic  sand- 

stone, 2  feet,  passing  up  into  buff 
platy  quartzitic  sandstone,  2  feet; 
beds  form  a  weak  cliff 4 

11.  Buff  platy  sandstone  and  greenish  shale 

like  No.  1  but  containing  more  platy 
sandstone  in  proportion  to  the  shale, 
so  that  the  beds  form  a  somewhat 
steeper  slope.  Beds  of  magenta  sand- 
stone containing  hematite,  glauconite. 
and  ground-up  shells  of  linguloid  brach- 
iopods occur  at  16,  23,  32,  34,  and 
66  feet  above  the  base ;  these  beds  range 
in  thickness  from  1  to  4  inches;  part 
of    the    hematite    occurs    as    cement 


between  the  sand  grains;  part  of  it 
coats  the  sand  grains  in  tiny  concen- 
tric layers,  giving  the  rock  an  oolitic 
appearance;  most  of  the  sand  grains 
are  quartz  or  glauconite  but  some  are 
pink  feldspar;  some  of  the  ferritic  beds 
resemble  Clinton  iron  ore 


[Note. — ^The  foregoing  section  of  the 
Bright  Angel  shale  was  measured  on  the 
east  side  of  Bass  Canyon  about  half  a 
mile  south  of  Bedrock  Tank,  at  locality 
8,  figure  2.] 
Tapeats  sandstone: 

A.  White  to  greenish- white  cross-bedded  sand- 

stone in  rather  thick  beds  composed 
chiefly  of  clean  quartz  sand;  contains  a 
few  lenses  of  soft  greenish  sandy  shale; 
lenses  of  hard  sandstone  alternate  with 
lenses  of  softer  sandstone  which  etch 
out  and  form  alcoves  and  shelves. 
The  sandstone  is  speckled  with  small 
magenta  or  brownish  spots  which  repre- 
sent segregations  of  ferritic  material. . . 

B.  Chocolate-colored  sandstone  in  rather  thin 

beds  separated  by  layers  of  greenish  or 
brownish  shale;  contains  some  cross- 
bedded   layers,    but   evenly    bedded 

layers  predominate 

G.  Hard  chocolate-colored  cross-bedded  sand- 
stone; commonly  a  pebbly  grit  com- 
posed chiefly  of  quartz  sand;  many 
beds  are  indurated  to  quartzite;  small 
yellow  rounded  quartz  pebbles,  the 
largest  the  size  of  peas,  are  a  character- 
istic constituent;  thin  lenses  of  shale 
are  rather  abundant  in  the  upper  half 
of  the  member;  the  lenses  of  the  shale 
or  softer  sandstone  etch  out  and  form 
alcoves  and  shelves.  In  many  places 
the  lower  half  of  the  cliff  is  incrusted 
with  salt  (sodium  chloride),  and  in 
some  protected  situations  the  salt  forms 
stalactites.  Lenticular  beds  of  con- 
glomerate from  1  to  15  feet  thick  occur 
throughout  the  sandstone  but  are  more 
abundant  in  the  basal  portion.  Some 
conglomerate  beds  consist  of  unassorted 
angular  fragments  of  the  underlying 
rocks;  others  consist  chiefly  of  rounded 
pebbles  of  quartz.  In  some  places 
where  the  sandstone  rests  against  hills 
of  pre-Cambrian  rock,  beds  of  coarse 
breccia  occur  in  the  sandstone  at  the 
base  of  the  pre-Cambrian  hills;  one  of 
these  beds  of  breccia  exposed  in  a  cliff 
on  the  north  side  of  Colorado  River, 
half  a  mile  southeast  of  the  mouth  of 
Bass  Canyon,  contains  blocks  of  pre- 
Cambrian  quartzite  30  feet  in  diameter. 
The  Tapeats  sandstone  rests  on  an 
eroded  surface  which  in  some  places  in 
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the  Shinumo  quadrangle  exhibits  a  re- 
lief of  nearly  600  feet;  consequently  the 
thickness  of  subdivision  C  at  any  point 
depends  on  the  topography  of  the 
underlying  surface.  Near  the  mouth  of 
Bass  Canyon,  where  this  section  was 
measured,  subdivision  C  is  328  feet 
thick,  whereas  a  mile  to  the  northeast, 
under  Dox  Castle,  it  is  absent.  The 
thickness  of  250  feet  which  I  have  as- 
signed to  the  subdivision  represents 
approximately  the  average  thickness 

in  Bass  Canyon ±250 

[Note. — The  foregoing  section  of  the 
Tapeats  sandstone  was  measured  west 
of  the  mouth  of  Bass  Canvon,  at  the 
point  where  a  trail  leading  from  Bed- 
rock Tank  to  Copper  Canyon  ascends 
a  break  in  the  cliff  formed  by  the 
sandstone,  at  locality  9,  figure  2.] 


Total    thickness    of    Paleozoic 
beds ±4014 

THE  PALEOZOIC  ROCKS. 

CAMBRIAN  SYSTEM. 

TONTO   GROUP. 
GENERAL  FEATURES. 

In  the  region  about  Bass  Canyon  the  Tonto 
group  is  a  series  of  conformable  strata  about 
1,200  feet  thick  which  lies  at  the  base  of  the 
Paleozoic  and  is  separated  from  underiying 
pre-Cambrian  rocks  and  from  overiying  De- 
vonian and  Carboniferous  rocks  by  unconformi- 
ties of  erosion.  In  lithology  the  group  as  a 
whole  exhibits  a  passage  upward  from  sand- 
stone to  limestone,  roughly  in  three  stages. 
The  strata  at  the  base  of  the  group  are  sand- 
stones; those  in  the  middle  portion  are  chiefly 
fine-grained  sandstones  and  sandy  shales: 
and  those  in  the  upper  portion  are  more  or  less 
sandy  calcareous  rocks  which  pass  at  the  top 
into  magnesian  limestone.  These  three  litho- 
logic  stages  afford  a  natural  basis  for  dividing 
the  group  into  formations.  Accordingly,  in  a 
former  report  describing  the  region  about  Bass 
Canyon^  I  proposed  a  threefold  division  of  the 
Tonto  group  and  used  the  names  Tapeats  sand- 
stone, Bright  Angel  shale,  and  Muav  limestone 
to  designate  the  formations.  The  name  Ta- 
peats sandstone  is  applied  to  the  sandstone  at 
the  base  of  the  group,  the  name  Bright  Angel 
shale  to  the  sandstone  and  shale  of  the  middle 
portion,  and  the  name  Muav  limestone  to  the 

'Noble,  L.  F.,  The  Shinumo  quadrangle,  Grand  Canyon  district, 
Ariz,:  U.  S.  Cfeol.  Survey  Bull.  5-19,  p.  61, 1914. 


more  or  less  calcareous  strata  that  constitaW: 
the  upper  portion.      Walcott  had  previoudy: 
adopted   a   similar   threefold   division   of  thf 
Tonto.     He  states,^  '^I  find  among  my  notac.. 
made  after  the  trip  to  the  Grand  Canyon  in: " 
1901    *    *    *    that  I  had  given  names  to  thS;  - 
three  divisions  of  the  Tonto  along  th^  sania^-. 
lines  that  you  have,  so  I  can  readily  agree  witlt' 
your  present  subdivisions  and  nomenclature.**  ./ 

At  Bass  Canyon  the  three  formations  are  dilh- 
tinct  in  lithology  and  in  topographic  expressioiif •;, 
but  farther  southeast,  in  the  region  between  tbl*;^ 
Hermit  and  Grand  View  trails,  where  moet 
visitors  see  the  Grand  Canyon,  the  boundarjr- 
between  the  Muav  limestone  and  the  Bri^t: 
Angel  shale  is  indefinite,  and  the  two  fomiar 
tions  do  not  appear  at  first  sight  to  differ  con- 
spicuously, whereas  the  Tapeats  sandstone  and 
the  Bright  Angel  shale  preserve  their  distino-    , 
ti ve  characters  and  can  be  distinguished  readily* 
Some  uncertainty  has  therefore  existed  as  to 
the  limits  of  the  Muav  limestone  in  the  more 
frequented  part  of  the  Grand  Canyon,  and  the 
propriety  of  a  threefold  division  of  the  Tonto 
has  been  questioned. 

To  determine  whether  the  Muav  limestone  • 
as  defined  at  Bass  Canyon  is  actually  traceable 
into  the  region  between  the  Hermit  and  Grand ' 
View  trails,  I  have  measured  six  sections  of  the 
Tonto  group  at  different  points  in  the  south. 
wall  of  the  Grand  Canyon.  These  sections,.  ^ 
spaced  from  3  to  8  miles  apart,  carry  the  lithcd-* 
ogy  of  the  Tonto  through  a  distance  of  about 
28  miles  southeastward — from  Garnet  Canyon^ 
3  miles  west  of  Bass  Canyon,  to  Cottonwood 
Creek,  in  the  Grand  View  region— and,  in  con- 
nection with  a  section  measured  by  Walcott 
at  Nunkoweap  Valley,  1 5  miles  north  of  Cotton- 
wood Creek,  carry  it  practically  through  (lie 
Kaibab  division  of  the  Grand  Canyon.  These 
seven  sections  are  shown  on  Plate  XX.  In 
addition  to  recording  the  Tonto  lithology  I 
have  represented  the  unconformity  at  the  sum- 
mit of  the  Tonto  by  indicating  diagrammat- 
ically  the  amount  of  relief  which  the  eroded 
surface  exhibits  at  each  locality,  and,  where  the 
beds  that  lie  between  the  unconformity  and  the 
Redwall  cliff  were  accessible,  I  have  recorded 
their  character  and  succession.  Owing  to  lack 
of  space  in  the  drawing  I  have  presented  only 
a  brief  description  of  the  lithology  of  each  sec- 
tion.    The  Bass  Canyon  section  is  given  ill 

m 

8  Walcott,  C.  I).,  personal  cominunicatlon. 
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detail  in  the  present  report  (see  pp.  26-36), 
but  an  account  of  the  detailed  lithology  of  the 
other  sections  is  beyond  the  scope  of  this 
paper  and  will  be  reserved  for  another  report. 
In  all  six  sections  the  Bright  Angel  shale  and 
Muav  limestone  were  measured  by  hand  level 
and  the  Tapeats  sandstone  was  measured  by 
aneroid  barometer  except  at  Bass  Canyon, 
where  the  level  was  used.  The  sections  at 
Garnet  Canyon,  Bass  Canyon,  Slate  Creek,  and 
Hermit  Creek  are  believed  to  be  more  accurate 
than  those  at  Pipe  and  Cottonwood  creeks  be- 
cause they  were  checked  over  in  detail  during 
a  subsequent  field  trip,  whereas  the  sections  at 
Pipe  and  Cottonwood  creeks  were  not  reviewed. 

These  sections  show  that  the  Muav  limestone 
as  defined  at  Bass  Canyon  is  represented  by 
equivalent  beds  throughout  the  Kaibab  divis- 
ion, and  that  the  principal  subdivisions  of  the 
Bass  Canyon  section  preserve  enough  of  their 
original  character  to  be  recognizable  in  the 
other  localities,  although  large  parts  of  the 
formation  become  sandy  southeast  of  Bass 
Canyon,  the  proportion  of  sandstone  to  lime- 
stone increasing  southeastward.  The  appear- 
ance of  sandy  material  in  the  lower  part  of  the 
Muav  southeast  of  Bass  Canyon  makes  it  in- 
creasingly difficult  to  define  exactly  the  boun- 
dary between  the  Bright  Angel  shale  and  the 
Muav  limestone  in  that  direction,  as  will  be 
shown. 

When  I  proposed  the  name  Muav  limestone 
I  used  the  term  'limestone"  because  in  the 
type  locality,  near  Bass  Canyon,  the  formation 
as  a  whole  contains  more  limestone  than  sand- 
stone and  shale.  Inasmuch  as  the  formation 
becomes  increasingly  sandy  southeast  of  Bass 
Canyon  it  may  be  advisable  eventually  to 
change  the  name  to  Muav  formation,  but  it 
seems  best  to  retain  the  name  Muav  limestone 
for  the  present,  until  the  formation  has  been 
studied  over  a  wider  area  than  that  covered  in 
this  report. 


TAPEATS  SANDSTONE. 


Character, — The  Tapeats  sandstone  is  essen- 
tially a  medium  to  rather  coarse  sandstone, 
grading  here  and  there  into  a  pebbly  grit  and 
including  beds  of  conglomerate  and  shale. 
The  prevailing  color  is  chocolate-brown,  al- 
though many  beds  are  buff  or  greenish  buff  and 


some  beds  are  pale  greenish  white.  The  con- 
glomerate forms  lenticular  beds  that  may  occur 
at  any  horizon  in  the  formation  but  are  more 
abundant  near  the  base,  where  as  a  rule  the 
conglomerate  is  arkosic  and  consists  of  poorly 
assorted  fragments  of  underlying  rocks.  Some 
of  the  conglomerate,  however,  is  well  assorted 
and  consists  of  rounded  pebbles  of  quartz. 
Most  of  the  shale  occurs  above  the  middle  of 
the  formation  in  thin  lenses  between  layers  of 
sandstone.  In  general  the  component  mate- 
rials of  the  formation  become  finer  and  better 
assorted  toward  the  top.  The  uppermost  beds 
at  Bass  Canyon  are  clean  white  or  greenish- 
white  cross-bedded  sandstone. 

Among  the  distinctive  features  of  the  forma- 
tion are  hardness,  which  causes  it  to  weather 
into  sheer  cliffs,  prevailing  chocolate  color, 
cross-bedding,  and  a  rather  coarse  horizontal 
banding  due  to  the  fact  that  the  beds  form 
elongated  horizontal  lenses  and  differ  in  texture 
and  hardness.  Here  and  there  beds  of  shale 
alternate  with  beds  of  sandstone,  and  at  most 
places  the  sandstone  itself,  although  prevail- 
ingly hard,  exhibits  wide  differences  in  indura- 
tion. A  bed  of  sandstone  which  in  one  place 
is  cemented  into  compact  vitreous  quartzite 
may  be  poorly  consolidated  a  few  hundred  feet 
away.  Vertically  beds  of  hard  quartzitic  sand- 
stone succeed  beds  of  softer  sandstone  in  count- 
less alternations.  Erosion  etches  the  bands  of 
softer  material  into  long  low  alcoves  overhung 
by  shelves  of  harder  rock.  These  shelves  and 
alcoves  appear  on  every  outcrop  of  the  Tapeats 
sandstone  and  are  particularly  conspicuous  in 
its  great  cliff,  which  is  furrowed  by  tier  upon 
tier  of  them.  (See  PI.  XXI,  A,)  One  who  is 
traveling  through  the  canyon  along  the  Tonto 
platform,  or  ''lower  plateau,"  soon  learns  to 
appreciate  the  shelter  which  these  ''Tonto 
shelves''  afford  and  usually  selects  them  for 
his  camp.  Indeed,  the  selection  is  almost  com- 
pulsory, for  in  most  tributary  canyons  water 
comes  to  the  surface  in  the  dry  watercourses 
only  at  the  point  where  the  stream  channel 
crosses  the  summit  of  the  Tapeats  sandstone. 

Another  distinctive  feature  of  the  sandstone 
is  the  occurrence  in  many  beds  of  numerous 
small  yellow  rounded  quartz  pebbles,  the  larg- 
est of  which  are  the  size  of  peas.  Worm  mark- 
ings are  common  in  the  white  sandstone  at  the 
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top  of  the  Tapeats  and  occur  here  and  there  in 
the  underlying  chocolate-colored  beds.  I  have 
observed  ripple  marks  at  a  few  places  in  the 
formation  and  sim  cracks  at  one  place.  Glau- 
conite  occurs  sparingly  in  scattered  grams  in 
some  beds. 

In  many  places  in  the  Kaibab  division  the 
Tapeats  cUff  is  incrusted  with  salt.  Commonly 
the  deposits  are  less  than  an  inch  thick,  but 
some  of  them  may  cover  hundreds  of  square 
feet.  A  sample  from  one  of  these  salt  deposits 
in  Garnet  Canyon  was  tested  in  the  laboratory 
of  the  Survey  and  is  reported  to  consist  essen- 
tially of  sodium  chloride.  A  spring  that  issues 
from  the  contact  between  the  Tapeats  sand- 
stone and  the  underlying  crystalline  rocks  at 
a  point  about  half  a  mile  west  of  Garnet  Canyon 
yields  a  heavy  brine.  Other  brine  springs 
issue  from  this  contact  at  several  places  in  the 
Kaibab  division.  The  water  of  the  intermit- 
tent stream  in  Garnet  Canyon  is  potable  above 
the  middle  of  the  Tapeats  sandstone,  but  below 
the  middle  of  the  sandstone  it  is  too  salty  to 
drink.  These  occurrences  indicate  that  the 
Tapeats  sandstone  contains  salt,  although  no 
beds  of  salt  have  been  found  within  the  sand- 
stone. Perhaps  a  small  amoimt  of  salt  is 
widely  distributed  in  the  sandstone  but  has 
escaped  observation  because  it  is  Jiot  concen- 
trated in  beds.  Inasmuch  as  the  Tapeats  is  a 
marine  deposit  the  salt  is  probably  an  original 
constituent  of  the  sandstone. 

The  Tapeats  sandstone  exhibits  little  varia- 
tion from  place  to  place  in  lithology  or  in  gen- 
eral appearance  and  is  readily  identifiable  in 
all  parts  of  the  Kaibab  division. 

Stratigraphic  relations, — Both  base  and  smn- 
mit  are  well  defined,  the  base  by  a  great 
angular  imconformity  that  truncates  under- 
lying pre-Cambrian  rocks  and  the  summit  by 
a  rather  abrupt  change  from  coarsely  banded 
white  cross-bedded  sandstone  at  the  top  of 
the  Tapeats  to  thinly  laminated  even-bedded 
sandstone  and  sandy  shale  at  the  base  of  the 
overlying  Bright  Angel  shale. 

Svhdivisions. — ^At  Bass  Canyon  the  forma- 
tion is  rudely  divisible  into  three  parts.  (Sec 
PI.  XX.)  Subdivision  A,  at  the  top  of  the 
formation,  consists  of  white  cross-bedded 
sandstone  which  includes  a  few  layers  of 
greenish  shale.  Subdivision  B,  beneath  A, 
consists    of   evenly   bedded    chocolate-colored 


sandstone  with  partings  of  shale.  Subdivi- 
sion C,  at  the  base,  consists  of  chocolate- 
colored  cross-bedded  sandstone  and  constitutes 
by  far  the  greater  part  of  the  formation.  As 
the  Tapeats  sandstone  is  traced  southeastward 
from  Bass  Can  von,  subdivision  A  decreases 
in  thickness  and  becomes  more  and  more 
like  C  in  lithologic  character  until  it  is  practi- 
cally indistinguishable  from  C,  so  that  in  the 
three  easternmost  sections  shown  on  Plate 
XX  the  formation  is  divisible  into  only  two 
parts  and  consists  essentially  of  chocolate- 
colored  cross-bedded  sandstone  capped  by 
white  cross-bedded  sandstone.  Where  hills 
of  pre-Cambrian  rock  project  into  the  Tapeats 
sandstone,  beds  of  coarse  conglomerate  may 
appear  at  any  horizon  in  the  sandstone  where 
it  rests  against  their  steeper  slopes,  but  these 
conglomerates  are  local  in  extent  and  do  not 
persist  many  hundreds  of  feet. 

Thickness. — The  Tapeats  sandstone  varies 
irregularly  in  thickness  from  place  to  place, 
but  the  variations  have  no  ultimate  strati- 
graphic  significance  because  the  sandstone 
was  deposited  upon  a  surface  which,  although 
remarkably  even  when  considered  in  relation 
to  its  vast  horizontal  extent,  is  uneven  in  de- 
tail, exhibiting  at  some  places  a  relief  of  600 
feet.  Thus  at  the  point  where  the  section  at 
Bass  Canyon  was  measiu*ed  the  sandstone 
attains  a  thickness  of  328  feet,  whereas  the 
average  thickness  in  Bass  Canyon  does  not 
exceed  250  feet;  and  a  mile  away,  on  the  north 
side  of  Colorado  River,  where  a  hill  of  hard 
pre-Cambrian  strata  rises  several  himdred 
feet  above  the  general  level  of  the  pre-Cambrian 
surface,  the  sandstone  was  not  deposited.  The 
thickness  assigned  to  the  sandstone  at  Bass 
Canyon  is  exceptional.  Perhaps  200  feet 
would  be  a  fair  estimate  of  the  average  maxi- 
mum thickness  in  the  Kaibab  division. 

Fossils, — No  fossils  have  been  foimd  in  the 
Tapeats  sandstone  except  near  the  top.  Schu- 
chert  ®  has  noted  fragments  of  an  oboUd  shell  in 
the  white  cross-bedded  sandstone  at  the  top  of 
the  formation  near  Hermit  Creek.  Walcott  *• 
reports  the  following  fauna  '*in  the  Tapeats 
sandstone  about  300  feet  above  its  base  at  the 
head  of  Nunkoweap  Valley^^: 

•  Schuchert,  Charles,  The  Cambrian  of  the  Grand  Canyon  of  Arizona: 
Am.  Jour.  Sci.,  4th  ser.,  vol.  45,  p.  365,  1918. 

w  Walcott,  C.  D.,  Cambrian  geology  and  paleontology:  Smithsonian 
Misc.  Coll.,  vol.  ft4,  No.  5,  pp.  373,  374,  1916. 
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Dolichometopus  tontoensis. 
Micromitra  pealei. 
Micromitra  (Paterina)  crenistria. 
Micromitra  (Paterina)  superba. 
Micromitra  (Iphidella)  pannula. 
Obolus  zetus. 

Obelus  (Westonia)  chuarensis. 
Obolus  (Westonia)  englyphus. 
Lingulella  lineolata. 
Lingulella  perattenuata. 
Billingsella  obscura. 
Alokistocare  althea. 

According  to  Walcott  the  thickness  of  the 
Tapeats  sandstone  at  Nunkoweap  Valley  is  300 
feet  (see  PL  XX),  so  that  the  beds  from  which 
he  obtained  this  fauna  must  he  at  the  very  top 
of  the  formation.  The  age  of  the  fauna  is 
stated  to  be  Middle  Cambrian.  Practically  all 
the  forms  listed  occur  also  in  the  Bright  Angel 
shale. 

The  age  of  the  summit  beds  of  the  Tapeats 
sandstone  is  therefore  Middle  Cambrian.  In- 
asmuch as  the  formation  appears  to  have  been 
■deposited  continuously,  as  is  indicated  by  its 
homogeneous  character,  and  to  have  accumu- 
lated rapidly,  as  is  indicated  by  its  relatively 
coarse  cross-bedded  structure,  it  is  not  likely 
that  any  part  of  it  is  older  than  Middle  Cam- 
brian. 

BBIOHT  ANOBL  SHALE. 

Character, — The  chief  constituent  of  the 
Bright  Angel  shale  is  fine-grained  quartzose  mi- 
caceous sand,  which  forms  innimierable  platy 
beds  mostly  less  than  a  quarter  of  an  inch  thick. 
Many  beds  of  sandstone  are  separated  by  part- 
ings of  micaceous  sandy  shale,  and  at  some 
horizons  the  sandstone  and  shale  are  associated 
with  dolomitic  limestone  or  with  cross-bedded 
glauconitic  sandstone. 

The  distinctive  features  of  the  formation  are 
thin,  platy  lamination,  a  prevailingly  dull 
greenish-buflF  color,  the  occurrence  of  glauconite 
in  many  beds,  and  the  abimdance  of  worm- 
markings  and  fucoidal  casts.  Many  beds  are 
ripple-marked.  Shells  of  obolid  or  linguloid 
brachiopods  are  abundant  at  many  horizons, 
and  most  of  the  shells  are  broken  and  worn, 
showing  marks  of  grinding  and  attrition.  The 
ripple  marks  indicate  that  the  strata  were  de- 
posited in  shallow  water,  and  the  broken  shells 
indicate  that  the  deposits  were  subjected  to 
repeated  pounding  by  waves. 

The  formation  as  a  whole  is  the  least  resist- 
ant to  erosion  of  all  the  formations  in  the  can- 


yon wall.  It  makes  a  more  or  less  continuous 
slope,  which  at  most  places  has  retreated  far 
back  from  the  summit  of  the  Tapeats  cliff, 
leaving  the  so-called  ''lower  plateau,''  or  Ton  to 
platform.  It  owes  its  weakness  to  the  alterna- 
tions of  shale  and  sandstone  and  to  the  thin 
platy  lamination  of  the  beds.  Actually  most 
of  the  platy  sandstone  is  well  indurated,  and 
some  of  it  is  as  compact  as  quartzite. 

Glauqonite  is  decidedly  more  abundant  in 
the  Bright  Angel  shale  than  in  the  other  two 
formations  of  the  Tonto  group.  It  occurs 
rather  sparingly  in  most  beds  in  tiny  grains 
scattered  through  the  rock  but  is  widely  dis- 
tributed in  the  formation,  both  vertically  and 
horizontally.  Apparently  no  beds  consist  en- 
tirely of  glauconite,  but  an  exan:yination  of  the 
formation  anywhere  in  the  Kaibab  division  of 
the  Grand  Canyon  will  disclose  a  few  beds  sev- 
eral inches  thick  in  which  nearly  half  of  the 
rock  is  glauconite  and  many  beds  in  which  the 
grains  are  sufficiently  abundant  to  impart  a 
greenish  tinge  to  the  rock.  The  mineral  is  not 
confined  to  the  prevailing  platy  sandstone  and 
shale  but  occurs  in  the  dolomite,  intraforma- 
tional  conglomerate,  and  cross-bedded  sand- 
stone described  below.  An  interesting  feature 
of  its  occurrence  is  its  association  with  deposits 
that  were  obviously  laid  down  in  shallow  water. 

Interbedded  with  the  platy  sandstone  and 
shale  are  two  types  of  rock  which,  although 
they  form  only  a  subordinate  part  of  the  Bright 
Angel  shale,  are  particularly  characteristic  of 
the  formation. 

One  of  these  rocks  is  a  compact  crystalline 
limestone  whose  color  is  deep  snuff-brown  on 
weathered  surfaces  and  pale  tan  on  freshly 
broken  surfaces.  Beds  of  this  limestone  are 
very  resistant  to  erosion  and  make  cliffs.  In 
the  region  about  Bass  Canyon  two  beds  verti- 
cally 35  feet  apart  appear  in  the  Bright  Angel 
shale  at  a  horizon  about  125  feet  above  its 
base  and  make  two  conspicuous  brown  cliffs 
in  the  slope  above  the  Tonto  platform.  Each 
cliff  is  about  12  feet  high.  The  beds  of  snuff- 
brown  limestone,  which  determine  the  cliffs, 
range  in  thickness  from  a  few  inches  to  8  feet 
and  are  associated  with  beds  of  green,  magenta, 
and  brown  cross-bedded  sandstone.  The  cliffs 
are  sharply  defined  and  are  wonderfully  per- 
sistent. (See  PI.  XXI,  B.)  Wherever  possible 
the  Tonto  trail  in  this  part  of  the  canyon  follows 
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the  narrow  ledge  at  the  top  of  one  or  the  other  of 
these  cliffs,  because  the  lodges  afford  much 
smoother  going  than  the  dissected  and  debris- 
covered  slopes  of  the  Ton  to  platform  below. 
Other  beds  of  snuff-brown  limestone  appear  in 
the  Bright  ^Vngel  shale  between  the  twin  cliffs 
just  described  and  the  base  of  the  Muav  lime- 
stone, but  at  Bass  Canyon  they  are  thin  and  do 
not  make  conspicuous  cliffs.  Most  of  them  are 
associated  with  beds  of  greenish  and  magenta 
cross-bedded   sandstone. 

The  snuff-brown  limestone  effervesces  weakly 
with  acid.  Some  beds  contain  no  visible  im- 
purities, but  others  contain  scattered  grains  of 
glauconite  and  tiny  rounded  grains  of  quartz 
and  exhibit  cross-bedding.  Many  beds  contain 
broken  shells  of  brachiopods.  In  places  the 
limestone  passes  laterally  into  an  fntrafor- 
mational  conglomerate  composed  chiefly  of 
rounded,  flattened  fragments  of  limestone  but 
containing  glauconite,  quartz  sand,  and  broken 
shells. 

The  following  analysis  of  a  specimen  of  the 
snuff-brown  limestone  forming  the  lower  of  the 
twin  cliffs  at  Bass  Canyon  (see  p.  35)  probably 
represents  approximately  the  composition  of 
the  purer  limestone.  The  bed  from  which  the 
specimen  was  taken  contains  no  visible  glau- 
conite or  quartz  and  appears  to  consist  entirely 
of  coarsely  crystalline  limestone. 

Partial  chemical  analysis  of  snuff-colored  limestone  from 

Bright  Angel  shale. 

[Alfred  A.  Chambers,  analyst.] 

Inaolublo 2.66 

(Al,  Fe)2()3 5.44 

CaO 29.54  ^ 

MgO 18.26 

From  this  analysis  it  appears  that  the  rock 
is  an  impure  dolomite.  The  presence  of  quartz 
grains  in  beds  closely  associated  with  the  one 
analyzed  suggests  that  the  insoluble  impuri- 
ties are  largely  quartz  sand,  and  the  fact  that 
the  rock  weathers  browTi  suggests  that  the 
other  impurities  are  largely  iron.  Inasmuch  as 
the  snuff-colored  limestones  effervesce  weakly 
with  acid  and  differ  from  one  another  chieflv 
in  the  amount  of  impurities  that  they  contain 
I  have  called  them  all  dolomites  in  this  report. 

Another  characteristic  rock  in  the  Bright 
Angel  shale  is  dark-green  or  magenta  cross- 
bedded  sandstone.  Most  of  this  sandstone 
forms   rather   massive   beds,   which   range   in 


thickness  from  a  few  inches  to  several  feet. 
The  component  grains  are  rather  coarse  and 
in  most  beds  are  loosely  cemented,  so  that  the 
rock  crumbles  easily.  Some  beds,  however, 
form  weak  cliffs.  The  chief  constituent  of  the 
sandstone  is  quartz,  but  many  beds  contain 
glauconite  and  many  contain  a  large  amount 
of  ferritic  sandv  mud  and  more  or  less  hema- 
tite.  Broken  shells  of  brachiopods  are  abun- 
dant in  some  beds.  These  green  and  magenta 
sandstones  are  readily  distinguishable  from  the 
prevailing  platy  sandstone  by  their  deep  colors, 
cross-bedding,  absence  of  thin  lamination,  and 
relatively  coarse  texture.  The  colors  of  some 
beds  are  ver}^  striking,  green  shading  into  deep 
bottle-green  and  magenta  into  deep  purplish 
brown.  In  places  these  colors  are  mingled  in 
blotches  in  the  same  bed,  producing  a  curious 
mottled  effect.  The  greenish  beds  owe  their 
color  largely  to  glauconite,  and  the  magenta 
beds  owe  theirs  to  ferritic  material.  Some  beds 
associated  with  snuff-colored  dolomite  weather 
brown. 

At  Bass  Canyon  the  thickness  of  the  Bright 
Angel  shale  is  391  feet  and  I  have  divided  it  in- 
to two  members — subdivision  A,  at  the  top,  58 
feet  thick,  and  subdivision  B,  below,  333  feet 
thick.  Both  subdivisions  consist  essentially 
of  thin-bedded  greenish  and  buff  micaceous 
shale  and  sandstone,  with  which  anuff-brown 
dolomite  and  greenish  and  magenta  sandstone 
of  the  types  just  described  are  interbedded  at 
irregular  intervals.  The  character  and  suc- 
cession of  the  beds  are  recorded  in  the  columnar 
section  (pp.  34-35).  In  general  composition 
subdivision  A  differs  from  B  only  in  that  it  con- 
tains, near  the  base,  a  few  beds  of  mottled 
limestone  similar  to  those  which  constitute 
subdivision  D  of  the  overlying  Muav  limestone. 
In  a  former  report**  I  included  subdivision  A 
in  the  Muav  limestone,  placing  the  base  of  the 
Muav  at  the  lowest  point  where  mottled  lime- 
stone appears  in  the  Tonto  group,  but  in  the 
present  report  I  have  included  subdivision  A 
in  the  Bright  ^Vngel  shale,  which  as  here  de- 
fined includes  all  strata  between  the  white 
cross-bedded  sandstone  at  the  top  of  the  Ta- 
peats  and  the  cliff-making  gray  and  buff  mot- 
tled limestone  that  constitutes  subdivision  D 
of  the  Muav.  This  definition  is  in  accord  with 
Walcott's  observations  at  Kanab  Creek.   Wal- 


»  Noble,  L.  r.,  op.  cit.,  p.  65. 
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eott's  section  at  Kanab  Creek  (see  PI.  XX) 
shows  100  feet  of  greenish  micaceous  shale  and 
sandstone  (d)  beneath  beds  of  mottled  lime- 
stone (c)  that  are  evidently  equivalent  to  sub- 
division D  of  the  Muav  limestone  of  my  Bass 
Canyon  section.  He  states  ^^  that  a  mile  or  two 
east  of  Kanab  Creek,  where  more  of  the  green- 
ish micaceous  shale  and  sandstone  (d)  is  ex- 
posed, the  shale  and  sandstone  pass  downward 
into  mottled  gray  limestone,  calcareous  and 
micaceous  shale,  and  dark  indurated  sand- 
stone. Probably  this  mottled  gray  limestone 
is  equivalent  to  the  mottled  limestone  that 
appears  in  thin  beds  at  the  base  of  subdivision 
A  of  the  Bright  Angel  shale  in  my  Bass  Canyon 
section,  so  that  subdivision  d  of  Walcott^s  sec- 
tion at  Kanab  Creek  is  roughly  equivalent  to 
my  subdivision  A  at  Bass  Canyon.  Walcott 
states  *':  '^I  find  on  my  locality  label  75  that 
the  thin-bedded  sandstone  and  shale  (d)  at 
Kanab  Creek  is  placed  in  the  Bright  Angel 
shale  and  the  overlying  mottled  limestone  (c) 
in  the  Muav  limestone. '' 

The  columnar  sections  of  the  Tonto  group 
shown  on  Plate  XX  trace  the  lithology  of  the 
Bright  Angel  shale  through  the  greater  part  of 
the  Kaibab  division.  They  show  that  although 
the  formation  exhibits  Uttle  change  in  general 
composition  from  place  to  place  the  interbedded 
layers  of  green  and  magenta  sandstone  and 
snuff-colored  dolomite  increase  in  number  and 
become  thinner  and  more  widely  distributed 
through  the  prevailing  platy  sandstone  and 
shale  toward  the  southeast.  This  change  is 
shown  clearly  in  the  profiles  of  the  different 
sections.  Thus,  at  Garnet  and  Bass  canyons 
the  formation  contains  only  two  prominent 
sets  of  beds  of  green  and  magenta  sandstone 
and  snuff-brown  dolomite,  so  that  only  two 
cliffs  break  the  long  slope  formed  by  the  platy 
beds.  But  southeast  of  Bass  Canyon,  at  Slate, 
Hermit,  and  Pipe  creeks,  two  other  sets  of  beds 
of  sandstone  and  dolomite  have  appeared  above 
the  lower  pair,  so  that  the  slope  is  broken  by 
four  cliffs  instead  of  two.  These  four  cliffs  are 
strongly  defined  at  Slate  Creek,  fairly  well 
defined  at  Hermit  Creek,  and  poorly  defined  at 
Pipe  Creek  because  the  beds  become  thinner 
toward  the  southeast.  Southeast  of  Pipe 
Creek,  at  Cottonwood  Creek,  these  beds  are  so 
widely  distributed  in  the  platy  sandstone  and 

M  Walcott,  CD.,  unpublished  notes. 
*»  Personal  communication. 


shale  and  are  all  so  thin  that  no  bed  or  set  of 
beds  makes  a  prominent  cliff.  Here  the  whole 
formation  presents  a  continuous  slope.  Three 
miles  east  of  Cottonwood  Creek,  at  ''Congress 
Canyon''  (Red  Canyon),  that  part  of  Freeh's 
section  of  the  Tonto  group  "  which  represents 
the  Bright  Angel  shale  is  similar  in  lithology 
to  my  section  of  the  Bright  Angel  shale  at 
Cottonwood  Creek. 

Southeast  of  Bass  Canyon  beds  of  green  and 
magenta  sandstone  are  more  abundant  in  the 
Bright  Angel  shale  than  beds  of  snuff-colored 
dolomite.  In  the  region  between  Slate  and 
Pipe  creeks  these  sandstones  have  attracted 
attention  as  a  possible  source  of  platinum  and 
at  one  time  were  extensively  prospected.  No 
samples  of  the  rock  examined  by  the  Survey 
have  yielded  platinum,  but  some  of  the  rock 
when  crushed  and  panned  yields  a  small 
amount  of  magnetite.  At  Slate  Creek  some  of 
these  sandstones,  near  the  base  of  the  Bright 
Angel  shaJe,  contain  considerable  hematite  and 
form  thin  beds  that  are  conspicuous  by  their 
bright-red  color.  Between  Bass  Canyon  and 
Garnet  Canyon  some  ferritic  beds  at  this 
horizon  exhibit  oolitic  structure.     (See  p.  35.) 

Probably  the  beds  of  snuff-brown  dolomite 
and  sandstone  that  make  the  twin  cliffs  at  Bass 
and  Garnet  canyons  are  traceable  far  west  of 
the  area  covered  by  the  present  report,  because 
a  section  of  the  Bright  Angel  shale  at  the 
mouth  of  the  Grand  Canyon  ^^  shows  a  double 
cliff  of  snuff-colored  sandstone  that  is  said  to 
be  continuous  throughout  the  Shivwits  divi- 
sion, Gilbert  having  traced  it  from  the  Grand 
Wash  to  Diamond  Creek. 

Southeastward  from  Bass  Canyon  the  thin 
beds  of  mottled  limestone  at  the  base  of  sub- 
division A  gradually  give  way  to  calcareous 
sandy  shale  and  finally  disappear  southeast  of 
Hermit  Oeek. 

Few  hills  of  pre-Cambrian  rock  rise  far  into 
the  Bright  Angel  shale,  but  one  hill  on  the  north 
side  of  Colorado  River  about  3  miles  east  of 
Bass  Canyon  rises  nearly  to  the  top  of  sub- 
division B.  So  far  as  known,  this  is  the 
highest  hill  of  pre-Cambrian  rock  in  the  Grand 
Canyon. 

Thickness, — The  thickness  of  the  Bright 
Angel  shale  decreases  gradually  from  northwest 

14  Freeh,  F.,  Cong.  g^ol.  internal.,  5*  sess.,  Compte  rendu,  p.  479. 
^  U.  8.  Geog.  and  Oeol.  Surveys  W.  lOOthi  Mer.  Rept.,  vol.  3,  p.  IW, 
figs.  86,  87, 1875. 


42 


SHORTER  CONTRIBUTIONS  TO  GENERAL  GEOLOGY,  1922. 


to  BOuUieast.  Thus  the  formation  is  402  feet 
thick  at  Garnet  Canyon,  391  feet  at  Bass  Can- 
yon, 892  feet  at  Slate  Creek,  344  feet  at  Hermit 
Creek,  325  feet  at  Pipe  Creek,  and  334  feet 
(estimated)  at  Cottonwood  Creek.  At  Nun- 
koweap  Valley,  15  miles  north  of  Cottonwood 
Creek,  it  is  325  feet  thick.  The  beds  equivalent 
to  subdivision  A  of  the  Bass  Canyon  section 
decrease  from  60  feet  at  Garnet  Canyon  to  42 
feet  at  Pipe  Creek,  and  the  beds  equivalent  to 
subdivision  B  decrease  from  342  feet  at  Garnet 
Canyon  to  283  feet  at  Pipe  Creek.  At  Cotton- 
wood Creek  the  two  subdivisions  can  not  be 
separated  with  certainty. 

Fossils. — Fossils  are  abundant  at  several 
horizons  in  subdivision  B  of  the  Bright  Angel 
shale.  The  following  species  listed  in  my  report 
on  the  geology  of  the  Shinumo  quadrangle  *• 
were  collected*  by  Walcott  or  by  me  at  several 
horizons  in  subdivision  B  in  the  r^on  about 
Bass  Canyon  and  Shinumo  Creek: 

Lmgulepifl  spatulus. 
Lingulella  acutangula. 
lingulella  lineolata. 
lingulella  perattenuata. 
Obolus  (Westonia)  themia 
Indiana  foba. 

At  25  feet  above  the  base  of  subdivision  B  in 
Serpentine  Canyon  I  have  collected  and  Edwin 
Kirk  has  identified  Micromitra  (Paterina) 
superha  and  LingvhUa  lineolata,  and  at  165  feet 
above  the  base  of  subdivision  B  near  Hermit 
Creek  Oholus  ( Westonia)  chuarensis  and  Micro- 
mitra (Iphiddla)  pannula. 

At  100  to  120  feet  above  the  base  of  subdivi- 
sion B  near  the  Bright  Angel  (Cameron)  trail 
Walcott*'  has  collected  the  following  species: 

Obolus  (W'eetoniai  chiiarenBiB. 
EocystiU*?  undet.  sp. 
Ilvolithcs. 
Alokistoi-arc  althea. 
Dolichoinetoptis  prcxluctUB. 
liolirhomc'topus  tontoensis. 

The  age  of  this  fauna  is  stated  by  Walcott 
to  be  Middle  Cambrian. 

In  1915  Schuchert  studied  the  Bright  Angel 

shale  at  Hermit  CVeek  and  collected  fossils  at 

.several  horizons.     He  states**: 

Wliffn  the  sandy  muds  were  forming;.  eeawecKls  {PaJae- 
off^ofcwtj  wen  common,  along  with  a  great  abundance  of 
burr^iwing   annelids.    Trailinpj   an<l    furoidal   casts  are 

*  N'/t/k,  L.  v.,  tffi.  dt.,  p.  64. 

'*  WttkxXt,  C.  D,,  CftmbriAO  geology  and  paleontology:  Smithsonian 
Mtfc.  CcU.,  vci.  H  No.  6,  p.  374,  IWIO. 
-  H/'t.ijdacrt  C^tarlts,  op.  dt.,  p.  307. 


nearly  always  to  be  seen,  and  also  the  vortical  bunowings 
of  worms  like  Arenicolite*.  *  *  *  In  spite  of  the  fact- 
that  almost  no  good  fossils  are  to  be  had  in  the  Biji^t 
Angel  formation,  yet  the  physical  phenomena  show  that 
the  epeiric  sea  of  this  time  must  have  been  rich  in  life. 
This  is  proved  by  the  abundance  of  fucoidal  casts,  trailingw, 
and  annelid  burrows.  Further,  in  some  of  the  sandstoneB 
obolid  fragments  teem,  and  at  times  their  shells  make  up 
one-third  of  a  stratum.  When  the'obolid  shells  are  preva- 
lent, glauconite  is  also  common,  and  the  formation  of  this 
mineral  is  probably  conditioned  by  the  decomposition 
of  the  organic  remains.  On  the  other  hand,  there  are 
entire  beds  of  glauconite  up  to  a  few  inches  thick  that  are 
almost  devoid  of  fossils.  When  glauconite  is  very  abun- 
dant, there  are  also  apt  to  be  thin  beds  and  even  zones  a 
few  feet  thick  of  low-grade  iron  ore. 

Palaeophycui  casts  are  ver>'  common  and  well  preserved 
at  15  feet  above  the  Tapeats  sandstone,  and  150  feet 
higher  is  a  glauconitic  sandstone  replete  with  the  brachio- 
pods  Micromitra  (Ipkidella)  pannula  (White)  and  Obolus 
( Westonia)  chuarenns.  Ten  feet  higher  occur  abundantly 
in  thin-bedded  sandstones  Obolus  zetus  and  rarely  Obohis 
( Westonia)  themis  and  Lingulella  aeutangula. 

The  most  prominent  horizon  for  fossils,  consistiiig 
almost  entirely  of  obolids,  is  the  one  just  mentioned, 
which  occurs  from  150  to  170  feet  above  the  base  of  the 
Bright  Angel  formation  and  is  at  the  same  time  a  general 
level  for  thin-bedded  sandstones. 

It  is  evident  that  the  age  of  at  least  the 
lower  170  feet  of  subdivision  B  of  the  Bright 
Angel  shale  is  Middle  Cambrian,  as  shown  hj 
fossils.  I  have  found  no  determinable  fossik^ 
in  the  upper  part  of  the  subdivision  but  have 
noted  in  a  bed  near  the  top  small  fragments  of 
obolid  shells  similar  to  those  that  occur  in  the 
lower  170  feet.  I  have  found  no  fossils  in 
subdivision  A  at  Bass  Canyon,  nor  in  beds 
that  occupy  the  equivalent  horizon  at  localities 
where  I  measured  the  other  Tonto  sections. 
But  inasmuch  as  subdivision  A  differs  in 
general  lithologic  character  from  subdivision 
B  only  in  that  it  contains  a  few  layers  of  mot- 
tled limestone,  which  gradually  disappear  east 
of  Bass  Canyon,  and  is  evidently  equivalent  to 
a  set  of  beds  at  Kanab  Creek  in  which  Walcott 
has  found  Middle  Cambrian  fossils  and  which 
he  includes  in  the  Bright  Angel  shale  (see  p.  41), 
I  believe  the  entire  Bright  Angel  shale  as  de- 
fined in  this  report  is  Middle  Cambrian. 

MUAV  LIMESTONE. 

Cliaracter. — At  Bass  Canyon  the  Muav  lime- 
stone  consists  cliiefly  of  impure  limestone  and 
calcareous  sandstone  but  includes  much  platy 
sandstone  and  shale  that  do  not  differ  from 
those  which  occur  throughout  the  Bright  Angel 
shale.  Plat}'  or  shaly  lamination  is  a  prominent 
feature  except  at  the  top  of  the  formation,  but 
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unlike  the  Bright  Angel  shale  the  Muav,  as  a 
whole,  is  fairly  resistant  to  erosion  and  makes 
cliffs  or  steep  slopes.  The  prevailing  rock  is  a 
pecuhar  gray  and  buff  mottled  limestone,  which 
occurs  in  countless  beds  averaging  less  than  an 
inch  thick.  The  lower  two-thirds  of  the  forma- 
tion consists  largely  of  this  mottled  limestone 
and  partly  of  platy  sandstone  and  shale;  the 
upper  third  consists  of  calcareous  sandstone 
overlain  by  massive  magnesian  limestone. 

Subdivisions, — ^At  Bass  Canyon  four  subdi- 
visions with  persistent  features  can  be  differen- 
tiated, although  the  boundaries  between  them 
are  not  sharp.  The  massive  magnesian  lime- 
stone at  the  top  of  the  Muav  constitutes  sub- 
division A,  63  feet  thick,  and  forms  a  strong 
cliff.  The  imderlying  calcareous  sandstone 
constitutes  subdivision  B,  72  feet.  This  sand^ 
stone,  massive  at  the  top  but  thin-bedded  at  the 
base,  makes  a  set  of  weak  cliffs  that  in  most 
places  unite  with  the  chff  formed  by  the  over- 
lying limestone.  Beneath  subdivision  B  is  241 
feet  of  thin-bedded  mottled  limestone  contain- 
ing many  interbedded  layers  of  platy  sandstone 
and  shale.  These  alternating  beds  constitute 
subdivision  C  and  form  a  steep  slope.  Beneath 
them  is  a  chff-making  bed  of  relatively  pure 
mottled  limestone  97  feet  thick,  which  consti- 
tutes subdivision  D,  at  the  base  of  the  Muav. 

In  appearance  the  mottled  limestone  of  the 
Muav  is  unlike  any  other  rock  in  the  Paleozoic 
section.  Characteristically  it  is  a  hard  thin- 
bedded  impure  limestone,  whose  outcrops  when 
seen  from  a  distance  resemble  outcrops  of  shale. 
The  beds  range  in  thickness  from  less  than  an 
eighth  of  an  inch  to  several  inches  but  com- 
monly do  not  exceed  half  an  inch.  The  purer 
limestone  is  gra\^,  but  most  of  the  rock  contains 
a  considerable  amount  of  buff  material  which 
was  originally  a  fine-grained  micaceous  sandy 
mud.  Some  of  this  material  forms  shaly  part- 
ings between  the  beds  of  limestone,  and  some 
of  it  is  mixed  with  the  limestone,  so  that  in  most 
beds  the  gray  and  buff  colors  are  mingled. 
Many  limestone  beds  are  intraformational  con- 
glomerates composed  of  small  flattened  rounded 
pebbles  of  mottled  limestone  embedded  in  a 
matrix  which  in  some  places  consists  of  crystal- 
line limestone  and  in  others  of  buff  calcareous 
material.  Nearly  every  bed  of  limestone  or 
conglomerate  exhibits  numerous  coralloid  or 
fucoidal  markings.  These  markings,  which 
Newberry  and  other  early  observers  ascribed  to 


branching  corals  but  which  Schuchert  and  Wal- 
cott  have  shown  to  be  largely  the  work  of 
worms,  are  one  of  the  distinctive  features  of  the 
mottled  limestone.     Schuchert  *•  states: 

Where  the  calcareous  materials  become  more  dominant 
the  beds  are  completely  riddled  with  vertical  atid  anas- 
tomosing worm  burrows.  These  are  usually  filled  with  a 
very  fine  sand,  and  it  is  this  feature  that  gives  so  much  of 
the  Muav  its  mottled  appearance  and  that  led  Gilbert 
many  years  ago  to  call  the  formation  in  the  western  part  of 
the  Grand  Canyon  the  '  *  mottled  limestone .  *  *  Throughout 
the  middle  third  of  the  Muav  many  of  the  shaly  limestones 
are  intraformational  conglomerates  with  the  pebbles  smaU, 
flat,  and  more  or  less  rounded  on  the  edges.  It  is  an 
interesting  shallow- water,  near-shore  marine  deposit. 
This  is  shown  in  the  great  abundance  of  annelid  burrows, 
in  the  intraformational  conglomerates,  and  in  the  variable 
nature  of  the  calcareous  deposits.  ♦  ♦  ♦  The  writer 
has  not  seen  a  Paleozoic  marine  deposit  more  bored  into 
and  consumed  by  mud  eaters  than  this  one,  and  these 
burrows  are  most  prevalent  in  the  calcareous  zones.  Worm 
castings  are  often  well  preserved  in  the  thin-bedded  shale 
zones  and  occur  as  little  confused  heaps  or  in  circular 
sausage-like  strings. 

Most  beds  of  the  mottled  limestone  eflFervesce 
freely  with  acid.  An  analysis  of  a  typical 
specimen  from  a  bed  that  exhibits  the  usual 
mixture  of  gray  limestone  and  buff  sandy  ma- 
terial is  given  below. 

Partial  chemical  analysis  of  mottled  limestone  from  Muav 

limestone. 

[Albert  A.  Chambers,  anal3rst.] 

Insoluble 23. 46 

(Al,  Fe)203 2.54 

CaO 48.25 

MgO Trace. 

This  analysis  shows  that  the  limestone  is  not 
magnesian  and  indicates  that  the  sandy  im- 
purities constitute  about  a  quarter  of  the  rock. 

Subdivision  D,  at  the  base  of  the  Muav,  con- 
sists almost  wholly  of  the  thin-bedded  mottled 
limestone  just  described  and  contains  very 
Uttle  limestone  of  the  intraformational- 
conglomerate  type.  In  the  basal  10  feet  of  the 
subdivision  thin  layers  of  fine-grained  platy 
sandstone  arc  interbedded  with  the  limestone. 
These  alternating  beds  define  the  lower  limit  of 
the  Muav  limestone,  and  their  separation  from 
the  underlying  greenish  shale  and  platy  sand- 
stone of  the  Bright  Angel  shale  is  distinct  at 
Bass  Canyon,  although  they  represent  a  transi- 
tion in  lithology  rather  than  an  abrupt  change. 
Owing  to  the  hardness  of  the  mottled  limestone 
subdivision  D  forms  a  strong  cliff,  a  feature 

!•  Schuchert,  Charles,  op.  cit.,  pp.  368,  30a 
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which  at  once  distinguishes  it  from  the  over- 
lying subdivision  C  and  from  the  underlying 
Bright  Angel  shale,  which  forms  slopes.  Just 
beneath  the  cliff  are  the  soft  underlying  green- 
ish shale  and  sandstone,  which  persist  over  a 
considerable  area  east  and  west  of  Bass  Canvon 
and  etch  out  everywhere,  leaving  a  small  alcove 
overhung  by  the  cliff.  The  alcove  will  guide 
the  observer  to  the  contact  between  the  Bright 
Angel  shale  and  the  Muav  limestone. 

Subdivision  C  consists  chiefly  of  thin-bedded 
mottled  limestone  but  unlike  subdivision  D 
contains  many  thin  interbedded  layers  of  sand- 
stone and  shale.  The  character  and  succession 
of  the  strata,  which  are  variable  in  composi- 
tion and  occur  in  countless  alternations,  are 
sho\\Ti  in  the  detailed  section  on  pages  33-34. 
Some  parts  of  the  subdivision  contain  as  nmch 
sandstone  and  shale  as  mottled  limestone,  but 
other  parts  contain  considerably  more  mottled 
limestone  than  any  other  rock,  and  large  parts 
consist  almost  entirely  of  mottled  limestone. 
The  mottled  limestone  in  subdivision  C, 
unlike  that  in  the  underlying  subdivision,  is 
chiefly  of  the  intraformational-conglomerate 
type.  In  general  the  beds  contain  more 
worm  markings  than  those  of  subdivision  D 
and  vary  more  in  thickness  and  composition. 
Some  beds  attain  a  thickness  of  a  foot  or  more, 
and  many  are  from  4  to  6  inches  thick,  although 
most  are  less  than  1  inch.  The  thicker  beds 
of  intraformational  conglomerate  are  lenticular, 
exhibiting  considerable  variation  within  hori- 
zontal distances  of  a  few  hundred  feet.  Glau- 
conite  occurs  sparingly  in  some  strata.  Most 
of  the  interbedded  sandstone  and  shale  resem- 
ble those  which  prevail  in  the  Bright  Angel 
shale.  Thesandstone  is  finegrained,  quartzose, 
and  micaceous  and  occurs  in  thin  platy  layers; 
the  shale  is  greenish,  soft,  micaceous,  and 
sandy.  Some  of  the  sandstone,  however,  is 
calcareous  and  resembles  that  which  occurs 
in  the  overlying  subdivision  B.  A  prominent 
bed  of  hard  brownish-buff  cross-bedded  calca- 
reous sandstone  8  feet  thick  appears  at  a 
horizon  142  feet  above  the  base  of  subdivision  C 
and  makes  a  small  conspicuous  and  persistent 
brown  cliff  that  is  traceable  over  many  miles 
in  the  region  about  Bass  Canyon.  Other  beds 
of  calcareous  sandstone  are  interbedded  with 
intraformational  conglomerate  and  platy 
quartzose  sandstone  at  the  top  of  the  subdi- 


vision. Some  of  these  upper  beds  exhibit 
purplish  spots  and  mottlings  similar  to  those 
which  appear  in  the  rocks  of  subdivision  B, 
and  some  of  the  intraformational  conglomerates 
are  purplish. 

Subdivision  B  consists  chiefly  of  fine-grained 
calcareous  sandstone  but  includes  beds  of 
platy  quartzose  sandstone,  sandy  micaceous 
shale,  crystalline  limestone,  dolomite,  and  in- 
traformational conglomerate.  The  prevailing 
color  of  the  strata  is  pale  buff,  but  pinkish, 
purplish,  and  greenish  hues  occur.  Many  beds 
contain  pinkish  or  purplish  blotches  and  mot- 
tlings. The  upper  portion  of  the  subdivision 
is  relatively  thick  bedded,  many  beds  attain- 
ing a  thickness  of  2  feet  or  more.  The  lower 
portion  contains  some  beds  as  much  as  1  foot 
thick  but  in  general  is  thin  bedded.  Toward 
the  base  the  lamination  becomes  shaly  and 
many  layers  are  as  thin  as  cardboard.  Most 
of  the  subdivision  forms  a  cliff  or  a  steep  ledgy 
slope  broken  by  cliffs. 

The  typical  calcareous  sandstone  is  hard, 
compact,  and  fine  grained,  effervesces  with 
acid,  and  is  easily  scratched  with  a  knife. 
Weathered  surfaces  feel  gritty  and  display 
indistinct  cross-bedding,  although  freshly  bro- 
ken surfaces  may  exhibit  no  cross-bedded 
structure.  Some  beds  are  crystalline  and  con- 
sist entirely  of  calcareous  material.  Others 
contain  more  or  less  fine  quartzose  and  mica- 
ceous sand.  It  is  difficult  to  decide  whether  to 
classify  some  beds  as  limestone  or  as  calcareous 
sandstone,  but  the  cross-bedded  structure 
indicates  that  the  component  material,  what- 
ever its  composition,  is  of  clastic  origin. 

The  upper  half  of  the  subdivision  is  com- 
posed largely  of  the  calcareous  sandstone  just 
described.  Here  and  there  a  bed  of  pinkish  or 
purplish  crystalline  limestone  is  interbedded 
with  the  calcareous  sandstone.  Beds  of  fine 
quartzose  sandstone,  sandy  shale,  and  intra- 
formational conglomerate  appear  at  several 
horizons,  and  near  the  top  of  the  subdivision 
there  is  a  bed  or  two  of  dolomite  similar  to  that 
in  the  overlying  subdivision  A.  The  lower 
half  of  the  subdivision  is  composed  partly  of 
calcareous  sandstone  and  partly  of  platy 
quartzose  micaceous  sandstone,  sandy  mica- 
ceous shale,  and  intraformational  conglomerate. 
Worm  markings  are  abundant,  and  some  beds 
exhibit  sun  cracks  and  ripple  marks.     Scat- 
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tered  grains  of  glauconite  occur  in  some  beds. 
Most  beds  in  the  lower  part  of  the  subdivision 
do  not  effervesce  with  acid. 

Although  intraformational  conglomerate  may 
appear  at  any  horizon  in  subdivision  B  it  does 
not  form  thick  sets  of  beds  and  is  not  abundant 
in  the  subdivision  as  a  whole.  Most  of  it  differs 
in  composition  from  the  conglomerate  in  the 
underlying  subdivision  in  that,  although  com- 
posed chiefly  of  small  flattened  rounded  pebbles, 
it  is  not  essentially  a  limestone.  Most  of  the 
pebbles  are  fine-grained  sandstone,  and  the 
matrix  is  fine  sand. 

Subdivision  A,  at  the  top  of  the  Muav,  con- 
sists of  hard  buff  limestone  which  forms  massive 
beds  from  2  to  10  feet  thick.  Thin  partings  of 
sandy  shale  separate  some  beds.  The  lime- 
stone is  entirely  crystalline  and  exhibits  no 
bedded  structure  on  freshly  broken  surfaces, 
but  weathered  surfaces  show  faint  traces  of 
cross-bedding.  Most  of  the  rock  contains 
small  cavities,  some  of  which  are  filled  with 
crystalline  material.  Some  beds  exhibit  pur- 
plish blotches  and  mottlings.  Most  beds  do 
not  effervesce  with  acid,  although  some  effer- 
vesce feebly.  The  following  analysis  shows  the 
composition  of  a  typical  specimen  of  the  lime- 
stone from  a  bed  15  feet  above  the  base  of  the 
subdivision  in  Bass  Canyon. 

Partial  chemical  analysis  of  limestone  from  subdivision  A, 

Muav  limestone. 

[Alfred  A.  ChainJ>ers,  analyst.] 

Insoluble }.  52 

(Fe,  AnjOs 80 

CaO 30.10 

MgO 20.78 

From  this  analysis  it  appears  that  the  rock 
is  a  magnesian  limestone  that  differs  little  in 
composition  from  typical  dolomite.  The  small 
amount  of  insoluble  material  which  the  rock 
contains  suggests  that  if,  as  the  indistinct  cross- 
bedding  indicates,  the  rock  was  composed 
originally  of  detrital  sand,  the  sand  was  calca- 
reous, not  siliceous. 

These  massive  dolomites  of  subdivision  A 
are  the  most  resistant  strata  in  the  Tonto  group 
and  in  consequence  of  their  hardness  weather 
everywhere  into  strong  cliffs.  In  appearance 
they  are  wholly  unlike  the  thin-bedded  strata 
of  the  Bright  Angel  shale  and  lower  Muav,  re- 
sembling rather  beds  at  the  base  of  the  great 
cliff  formed  by  the  Redwall  limestone.     How- 
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ever,  they  are  separated  from  the  Redwall  cliff 
in  Bass  Canyon  by  75  feet  of  thinly  laminated 
beds  that  form  a  slope,  so  that  the  observer 
will  experience  no  difficulty  in  distinguishing 
them  from  the  Redwall  strata.  The  upper 
limit  of  subdivision  A  is  an  unconformity  of 
erosion,  which  is  described  on  pages  49-51. 

ThicJcness  and  correlation, — The  colunmar 
sections  in  the  Kaibab  division  of  the  Grand 
Canyon  (see  PL  XX)  in  connection  with  Wal- 
cott's  section  at  Kanab  Creek  (see  PI.  XIX) 
trace  the  lithology  of  the  Muav  limestone 
through  a  distance  of  50  miles  southeastward. 
These  sections  show  that  the  formation  thins 
steadily  from  northwest  to  southeast.  The 
thickness  at  Kanab  Creek  is  685  feet;  at  Garnet 
Canyon,  504  feet;  at  Bass  Canyon,  473  feet;  at 
Slate  Creek,  429  feet;  at  Hermit  Creek,  419 
feet;  at  Pipe  Creek,  383  feet;  and  at  Cotton- 
wood Creek  (estimated) ,  238  feet.  At  Nunko- 
weap  Valley  the  thickness  is  425  feet,  but  this 
locality  is  15  miles  north  of  Cottonwood  Creek. 
Thus  the  formation  loses  about  two- thirds  of 
its  thickness  in  the  50  miles  between  Kanab 
Creek  and  Cottonwood  Creek.  The  thinning 
is  due  primarily  to  decrease  in  deposition,  not 
to  erosion,  although  at  some  places — ^for  ex- 
ample, at  Cottonwood  Creek — more  beds  have 
been  removed  below  the  erosional  unconformity 
at  the  top  of  the  Muav  than  at  others. 

The  chief  lithologic  units  into  which  the  for- 
mation is  divisible  at  Bass  Canyon  are  rec- 
ognizable in  all  the  other  sections,  although 
it  is  difficult  to  trace  from  one  locahty  to 
another  the  exact  boundaries  that  limit  the 
subdivisions,  because  the  strata  undergo  gradual 
changes  in  composition  from  place  to  place 
and  the  subdivisions  grade  into  one  another 
verticallv.  Broadlv  the  lower  two-thirds  of 
the  formation  everywhere  is  thin  bedded  and 
consists  of  mottled  limestone  and  interbedded 
sandy  material,  whereas  the  upper  third  is 
comparatively  thick  bedded  and  consists  of 
calcareous  sandstone  below  and  massive  lime- 
stone above.  Large  parts  of  the  formation, 
however,  become  increasingly  sandy  toward 
the  southeast.  At  Kanab  Creek  the  forma- 
tion consists  chiefly  of  limestone,  whereas  at 
Cottonwood  Creek,  50  miles  southeast  of  Kanab 
Creek,  and  at  Nunkoweap  Valley,  15  miles 
north  of  Cottonwood  Creek,  it  consists  chiefly 
of  calcareo-arenaceous  rocks. 
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Most  of  the  lithologic  change  occurs  in  sub- 
divisions C  and  D.     (See  PI.  XX.)     Thvis  at 
Bass  Canyon  subdivision  D,  at  the  base  of  the 
Muav,   is  97  feet   thick  and  consists  almost 
wholly  of  mottled  limestone.     Only  10  feet  of 
limestone,  at  the  base  of  the  subdivision,  con- 
tains   interbedded    lavers    of    sandstone.     At 
Slate  Creek,   southeast  of  Bass  Canyon,   the 
mottled  lunestone  of  subdivision  D  is  50  feet 
thick,  and  the  basal  44  feet  of  the  subdivision 
is  made  up  of  alternating  bods  that  consist 
chiefly  of  sandstcme  and  shale  but  include  a  few 
layers  of  mottled  limestone.     That  these  pre- 
vailingly sandy  beds  are  actually  a  part  of  sub- 
division D  as  defined  at  Bass  Canyon  and  are 
not  equivalent  to  beds  included  in  the  Bright 
Angel  shale  at  Bass  Canyon  is  clear,  because 
the  conspicuous  soft  green  shale  that  marks 
the  upper  limit  of  the  Bright  Angel  shale  at 
Bass  Canyon  (see  p.  34)  is  traceable  continu- 
ously from  Bass  Canyon  to  Slate  Creek.     At 
Hermit  Creek  the  mottled  limestone  of  sub- 
division D  is  40  feet  thick  and  the  underlying 
sandy  beds  42  feet;  and  at  Pipe  Creek,  still 
farther  southeast,  the  mottled  limestone  is  34 
feet  thick  and  the  sandy  beds  51  feet.     At  the 
last  two  localities  the  mottled  limestone  inter- 
bedded with  the  sandy  beds  is  very  impure,  so 
that  the  beds  do  not  differ  conspicuously  from 
the  Bright  Angel  shale  and  are  difficult  to  sep- 
arate from  it.    At  Cottonwood  Creek,  south- 
east of  Pipe  Creek,  the  mottled  limestone  at 
the  top  of  subdivision  D  is  only  25  feet  thick 
and  overlies  beds  of  greenish  sandstone  which 
contain  layers  of  impure  mottled  limestone  in 
the  upper  17  feet.     Here  I  have  placed  the 
base  of  subdivision  D  at  a  point  37  feet  below 
the  25-foot  bed  of  mottled  limestone.     This 
horizon,   as  nearly  as  I  could  determine,   is 
equivalent  to  that  which  marks  the  top  of  the 
Bright  Angel  shale  at  Bass  Canyon,  but  the 
horizon  is  not  actually  traceable  between  Bass 
Canyon    and    Cottonwood    Creek.     Probably, 
however,  my  estimate  of  its  position  at  Cotton- 
wood Creek  is  correct  within  25  feet. 

West  of  Bass  Canyon,  at  Garnet  Canyon,  the 
!n()ttle(l  limestone  is  122  feet  thick  and  occupies 
all  of  subdivision  D.  A  few  thin  layers  of 
sandy  maU^rial  are  interbedded  with  the  basal 
fJ  feet  of  the  limosUmo. 

Thus  subdivision  D  decreases  in  thickness 
and  undergoes  a  gradual  change  in  composition 
Hoiithoostward   through   the  Kaibab   division. 


It  decreases  from  122  feet  at  Gan^t  Canyon 
to  62  feet  at  Cottonwood  Creek,  28  iniles 
southeast  of  Garnet  Canyon.  At  Garnet 
Canyon  it  consists  almost  entirely  of  mottled 
limestone;  at  Cottonwood  Creek  it  contains 
only  a  third  as  much  mottled  limestone  as 
sandstone  and  shale,  the  limestone  measuring 
only  25  feet.  The  increase  of  sandy  material 
in  the  lower  part  of  the  subdivision  makes  its 
separation  from  the  Bright  Angel  shale  in- 
creasingly difficult  southeast  of  Bass  Canyon. 

Subdivision  C,  like  subdivision  D,  de- 
creases in  thickness  southeastward.  At  the 
type  locality,  at  Bass  Canyon,  it  is  241  feet 
thick.  Southeast  of  Bass  Canyon  equivalent 
beds  are  225  feet  thick  at  Slate  Creek,  215  feet 
at  Hermit  Creek,  185  feet  at  Pipe  Creek,  and 
176  feet  at  Cottonwood  Creek.  These  correla- 
tions are  necessarily  approximate,  because 
subdivision  C  is  nowhere  separated  from  the 
overlying  and  underlying  subdivisions  by 
sharp  lithologic  changes,  but  in  general  the 
limits  of  the  beds  correlated  with  subdivision 
C  are  believed  to  be  correctly  placed  within 
25  feet.  At  all  locaUties  the  subdivision  is 
prevailingly  calcareous  but  variable  in  com- 
position, thin  beds  of  mottled  limestone,  in 
traformational  conglomerate,  sandstone,  and 
shale  succeeding  one  another  in  countless 
alternation,  yet  it  contains  much  more  lime- 
stone in  proportion  to  sandy  material  at  Garnet 
Canyon  than  at  Cottonwood  Creek  and  thus, 
like  subdivision  D,  becomes  increasingly  sandy 
toward  the  southeast.  Glauconite,  which  oc- 
curs sparingly  in  the  subdivision  at  Garnet 
and  Bass  canyons,  becomes  increasingly  abund- 
ant southeast  of  Bass  Canyon. 

Subdivisions  C  and  D  together  constitute 
that  part  of  the  Muav  limestone  in  which 
thin-bedded  mottled  limestone  is  the  prevail- 
ing rock  and  occupy  the  lower  two-thirds  of 
the  formation.  I  have  separated  them  at 
Bass  Canyon,  (1)  because  at  that  locality 
subdivision  D  consists  essentially  of  mottled 
limestone,  whereas  subdivision  C  includes  many 
interbedded  layers  of  sandstone  and  shale; 
(2)  because  practically  no  limestone  in  sub- 
division D  is  of  the  intraformational-conglom- 
erate  type,  whereas  most  of  the  limestone  in 
subdivision  C  is  in  traformational  conglomerate; 
and  (3)  because  the  two  subdivisions  differ  in 
topographic  expression,  D  forming  a  cliff  and 
C  forming  a  slope.     Walcott  in  his  sections  at 
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E&nab  Creek  and  Nunkoweap  Valley  (see 
Pb.  XIX  and  XX)  does  not  subdivide  this 
part  of  the  Muav  in  which  mottled  limestone 
is  the  prevailing  rock. 

The  mottled  limestone  at  Kanab  Creek  is 
described  by  Walcott '"  as  follows: 

The  limestone  is  hard  and  brittle,  breaking  into  aogular 
[ragraenta.  Arenaceotie  ehaly  partings  occur  at  \-ariouB 
borizoos,  and  there  is  considerable  arena<^eoua  detrital 
matter  mixed  with  the  limealonc.  At  the  base  a  moasivc 
bHKi  70  feet  in  thickneaa  occurs,  which  is  followed  by 
several  hundred  feet  of  thio-bedded  liniestonea.  Many 
layers  are  gray  limestone  full  ot  small  flatti'ni'd  fragments 
[iDtraformational  cox^lomerate?].  Toward  the  summit 
the  upper  85  feet  is  essentially  a  repetition  of  the  70  feet 
at  the  base.  The  entire  mass  has  a  thickness  of  -150  feet. 
The  coralline  mottling,  as  it  has  been  called  by  authors, 
extends  from  base  to  summit.  That  a  portion  of  the 
mottling  is  produced  by  the  former  preoence  of  branching 
corals  may  be  true,  but  that  such  is  usually  the  case  is 
questioned.  A  study  of  the  various  forme  of  ramifying 
annelid  trails  and  borings  in  the  shales  beneath  prepares 
us  to  look  for  the  origin  of  the  mottlin);  in  that  direction. 
On  the  surface  of  the  intercalated  arenaceoi:s  shales  and 
also  of  the  fihaly  sandstone  layers  these  trails  are  seen  in 
abundance.  They  may  be  traced  into  the  limestone 
from  the  surface.  Where  the  matrix  ia  arenaceous  they 
are  frequently  calcareous,  and  in  the  calcareous  layers 
they  are  often  silicified.  Usually  of  a  purplish  color, 
they  may  be  gray  or  buff  according  to  the  material  by 
which  they  have  been  replaced.  •  •  •  I  should 
aangn  to  annelids  by  far  the  greater  share  in  the  origin  of 
the  mottling  of  the  limestone. 

The  450-foot  mottled-limestone  member  just 
described  constitutes  subdivision  c  of  Wal- 
cott's  section  at  Kanab  Creek  and  is  undoubt- 
edly roughly  equivalent  to  subdivisions  C  and 
D  of  my  Bass  Canyon  section.  At  Nunko- 
weap Valley  it  constitutes  subdivision  3  of 
Walcott's  section,  is  340  feet  thick,  and  ia  a 
series  of  mottled  and  variegated  calcareo- 
arenaceous  rocks.  Thus  it  decreases  from  450 
feet  at  Kanab  Crook  to  338  feet  (the  aggregate 
thickness  of  subdivisions  C  and  D)  at  Bass 
Canyon,  30  miles  southeast  of  Kanab  Crock. 
Between  Bass  Canyon  and  Nunkoweap  Valley 
30  miles  to  the  northeast,  the  thickness  changes 
very  little,  but  between  Bass  Canyon  and  Pipe 
Creek,  18  miles  to  the  southeast,  it  decreases 
from  338  to  270  feet,  and  at  Cottonwood  Creek, 
Boutheast  of  Pipe  Creek,  it  appears  to  be  less 
than  it  is  at  Pipe  Croek.  Walcott's  descrip- 
tions indicate  that  the  member  is  much  less 
sandy  at  Kanab  Creek  than  at  Nunkoweap 
Valley   and   somewhat  less   sandy   at   Kanab 

■*  Wdcott,  C.  D.,  ui^ubtUtwd  hoUb. 


T  Creek  than  at  Bass  Canyon.  It  is  therefore 
;/  evident  that  the  member  as  a  whole  becomes 
:  increasingly  sandy  southeastward  from  Kanab 
'■:  Creek. 

Subdivisions  A  and  B,  which  constitute  the 
upper  third  of  the  Muav  at  Baas  Canyon,  are 
represented  by  equivalent  strata  in  all  the 
sections  shown  on  Plates  XIX  and  XX,  except 
in  the  section  at  Cottonwood  Creek,  where 
thoy  have  been  removed  by  erosion. 

The  relatively  thick-bedded  calcareous  sand- 
stone in  the  upper  part  of  subdivision  B  of  my 
Bass  Canyon  section  is  evidently  equivalent 
to  the  gray  and  buff  calciferous  sandrock,  50 
feet  thick,  which  constitutes  sul>division  B  of 
Walcott's  section  at  Kanab  Creek,  and  to  the 
yellowish  sandstone,  25  feet  thick,  which  con- 
stitutes subdivision  2  of  his  section  at  Nun- 
koweap Valley.  Probably  subdivision  B  as 
defined  by  me  includes  a  wider  range  of  strata 
than  the  corresponding  subdivision  as  defined 
by  Walcott,  and  if  so  the  thin-bedded  sand- 
stones of  variable  cony)oaition  in  the  lower 
part  of  my  subdivision  B  may  be  equivalent 
to  beds  of  limestone  at  the  top  of  Walcott's 
subdivision  C  at  Kanab  Creek  and  to  beds  of 
calcareo-arenaceous  rocks  at  the  top  of  his 
subdivision  3  at  Nunkoweap  Valley.  Sub- 
division B  as  defined  at  Bass  Canyon  does  not 
appear  to  undergo  any  significant  litholc^c 
I  change  in  the  area  between  Garnet  Canyon 
and  Pipe  Creek.  The  thick-bedded  ctUcareous 
sandstone  in  the  upper  portion  maintains  a 
thickness  of  about  35  feet,  whereas  the  sub- 
division as  a  whole  varies  irregularly  in  thick- 
ness, being  78  feet  thick  at  Garnet  Canyon,  72 
feet  at  Bass  Canyon,  95  feet  at  Slate  Creek,  93 
feet  at  Hermit  Creek,  and  87  feet  at  Pipe  Creek. 
The  fact  that  the  boundary  between  subdivi- 
sions B  and  C  is  indefinite  suggests  that  these 

■  variations  may  be  only  apparent,  because  in 
-  measuring  some  sections  I  may  have  included 

in  subdivision  B  beds  that  are  actually  equiv- 

■  alent  to  beds  in  the  underlying  subdivision  C 

■  of  the  Bass  Canyon  section. 

Subdivision  A  as  defined  at  Bass  Canyon 
-consists  of  massive  buff  crystalline  limestone 
"whose  composition  is  approximately  that  of 
-dolomite  and  which  appears   to  be  formed 

■  lai^ely  of  calcareous  or  dolomitic  sand.  This 
-subdivision  is  constant  in  lithologic  character 
I  in  all  the  sections  between  Garnet  Canyon  and 
-Pipe  Creek  but  exhibits  many  uregularities 


48 


SHORTER   CONTRIBUTIONS   TO   GENKR.VL  GEOLOGY,   1922. 


in  thickness,  owing  to  the  fact  that  its  upper 
surface  is  an  unconformity  of  erosion.  Its 
thickness  is  70  feet  at  Garnet  Canyon,  03  feet 
at  Bass  Canyon,  15  feet  at  wSlate  Creek,  29  feet 
at  Hermit  Creek,  and  26  feet  at  Pipe  Creek. 
In  the  region  between  Bass  Canyon  and  Hermit 
Creek  the  beds  of  subdivision  A  have  been 
entirely  removed  at  many  phicos  and  a  hirge 
part  of  the  underl\'ing  subdivision  B  lias  been 
removed  at  some  places.  These  variations  in 
thickness  show  the  character  and  relief  of  the 
surface  produced  by  erosion  after  tlie  beds  of 
subdivision  A  were  deposited  but  afford  no 
evidence  concerning  the  original  thickness  of 
the  beds. 

Subdivision  A  is  apparently  equivalent  to 
the  massive  mottled  limestone,  60  feet  thick, 
which  constitutes  subdivision  1  of  Walcott's 
section  at  Nunkoweap  A'alley  and  to  the  mas- 
sive arenaceous  and  more  or  less  mottled  lime- 
stone, 185  feet  thick,  which  constitutes  subdi- 
vision a  of  his  section  at  Kanab  Creek.  At 
Kanab  Creek,  at  Nunkoweap  Valley,  and  in  the 
area  between  Garnet  Canyon  and  Pipe  Creek 
these  limestones  lie  at  the  top  of  the  Muav. 
Everywhere,  therefore,  they  occupy  the  same 
stratigraphic  position  with  regard  to  the  under- 
lying beds  of  calcareous  sandstone  of  subdivi- 
sion B.  Moreover,  if  it  is  assumed  that  the 
sand  in  Walcott's  limestones  is  calcareous, 
they  do  not  appear  to  difler  conspicuously 
from  the  equivalent  beds  in  the  area  between 
Garnet  Canyon  and  Pipe  Creek.  Some  of  the 
beds  in  this  intermediate  area  exhibit  purplish 
blotches  and  mottlings,  and  all  of  them,  like 
Walcott's  beds,  are  massive.  Inasmuch  as  the 
top  of  subdivision  A  is  eroded  at  Kanab  Creek 
and  at  Nunkoweap  \^illey  as  well  as  in  the  in- 
termediate area  it  is  impossible  anyw^here  to 
determine  the  original  thickness  of  the  subdi- 
vision and  consequently  of  the  Muav  limestone. 

Freeh's  section-^  at  ''Congress  Canyon'' 
(Red  Canyon),  8  miles  east  of  Cottonwood 
Creek,  shows  (mly  129  feet  of  strata  at  the  sum- 
mit  of  the  Tonto  group  that  can  be  C(mfidently 
assigned  to  the  Muav  limestone.  Probably  he 
has  included  strata  in  the  Redwall  limestone 
which  are  actually  equivalent  to  the  Muav  and 
Temple  Butte  limestones,  because  the  thick- 
ness of  1 ,000  feet  which  he  assigns  to  the  Red- 
wall  at  that  locality  is  certainly  too  great  by 
several  hundred  feet. 

«  Freeh,  F..  op.  dt.,  p.  479. 


• 

Fossils. — Fossils  are  scarce  in  the  Muav 
limestone.  At  Kanab  Creek,  from  the  lower 
bed  of  mottled  limestone  in  subdivision  c  of 
his  section,  Walcott"  obtained  the  following 
species: 

Uyolithes  primordialis? 
Lingiilepis  prima? 
Acrotreta?  sp. 
Orthisina  sp. 
Ptychoparia  sp. 
Bathyiiriis?  sp. 

This  bed  of  mottled  limestone  is  probably 
roughly  equivalent  to  my  subdivision  D  of  the 
Muav  at  Bass  Canyon.     (See  pp.  43-44.) 

From  the  upper  bed  of  mottled  limestone 
in  subdivision  c  at  Kanab  Creek  Walcott 
obtained  the  forms  listed  above  and  in  addi- 
tion a  species  of  Linfjula.  This  mottled  lime- 
stone is  probably  equivalent  to  beds  in  the 
upper  part  of  my  subdivision  C  at  Bass  Canyon. 

From  beds  in  the  upper  part  of  the  Muav 
limestone  at  Kanab  Creek  which  are  probably 
equivalent  to  my  subdivision  A  at  Bass  Canyon 
Walcott  obtained  a  species  of  Tremaiis  and  an 
imperfect  specimen  of  Dwcina, 

At  Nunkoweap  Valley  the  beds  at  the  top  of 
the  Muav  which  are  equivalent  to  my  subdi- 
vision A  at  Bass  Canyon  are  reported  by  Wal- 
cott to  contain  Lingvlepis  and  Ptychoparia. 
(See  columnar  section  at  Nunkoweap  Valley, 
PI.  XX.) 

In  the  area  covered  b}"  my  sections  betw^een 
Garnet  Canyon  and  Cottonwood  Creek  I  have 
obtained  fossils  from  the  Muav  limestone  at 
only  one  locality.  At  Hermit  Creek,  from  a 
bod  of  mottled  limestone  in  subdivision  C, 
118  feet  above  the  base  of  the  subdivision,  I 
collected 

Finkelnbiir^iasp. 
Syntrophia  ap. 
Anomooan^lla  sp. 
Pagodia?  sp. 
Ptychoparia?  sp. 

The  locality  is  on  the  west  slope  of  Cope 

Butte  a  few  hundred  feet  north  of  the  Hermit 

trail.     The  fossils  were  identified  by  Edwin 

Kirk,  who  states: 

The  fauna  as  shovsni  in  tht*  collection  might  be  either 
Middle  or  Upper  Cambrian.  I  think  more  extensive  col- 
lections are  needed  definitely  to  prove  its  age.  In  this 
connection  a  faiinal  list  given  by  Walcott  ^  might  be  of 
interest.  This  fauna  is  cited  from  the  Tonto  at  Kanab 
Treek  and  is  given  a«  Upp<»r  Cambrian. 


«  Walcott.  C.  1).,  unpublished  notes. 
53  Walcott,  C.  D.,  U.  S.  Oeol.  Sur\'ey  Mon.  51,  p.214,  locality  75, 1912. 
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At  Hermit  Creek,  from  a  bed  in  subdivision 
C,  50  feet  lower  than  that  in  which  I  found  the 
fossils  listed  above,  Schuchert  '*  obtained 
pygidia  of  SauJcia  and  of  Neolenus.  In  dis- 
cussing the  fossils  collected  at  Hermit  Creek  he 
states,  **  These  fossils,  and  more  especially  the 
trilobites,  show  that  the  Muav  is  of  Upper 
Cambrian  age." 

Regarding  the  ago  of  the  Muav  limestone 
Walcott  "  states: 

As  far  as  can  be  determined  from  the  present  collections 
I  should  include  the  Muav  limestone  in  the  Upper  ( -am- 
brian;  the  Bright  Angel  shale  and  Tapeats  sandstone  in 
the  Middle  Cambrian.  However,  it  is  very  desirable  that 
laiger  collections  be  made  from  the  Muav  limestone. 

Therefore  I  have  assigned  the  Muav  lime- 
stone to  the  Upper  Cambrian  in  the  present 
report,  although  I  reahze  that  further  collec- 
tions of  fossils  are  necessary  before  its  age 
can  be  fixed  definitely.  A  careful  search  for 
fossils  at  the  top  of  the  formation  may  yield 
interesting  results,  for  if  the  Muav  is  in  fact 
Upper  Cambrian  it  is  conceivable  that  strata 
younger  than  Cambrian  and  older  than  Upper 
Devonian  may  be  preserved  in  some  places 
beneath  the  surface  of  erosion  at  the  top  of 
the  formation. 

UNCONFOBlfrrY  BETWEEN   CAMBRIAN  AND 
DEVONIAN  SYSTEMS. 

Walcott  has  shown  that  both  at  Kanab 
Creek  '®  and  in  the  region  about  Nunkoweap 
Valley,*'  50  miles  southeast  of  Kanab  Creek, 
the  upper  limit  of  the  Ton  to  group  is  an  im- 
conformity.  The  unconformity  at  Kanab 
Creek  he  describes  as  a  strong  line  of  erosion 
that  in  places  exhibits  vertical  irregularities 
of  80  feet  within  horizontal  distances  of  a  few 
hundred  feet.  In  studying  the  Tonto  group 
between  Garnet  Canyon  and  Cottonwood 
Creek  I  have  traced  this  unconformity  through 
a  distance  of  about  28  miles  in  the  south  wall 
of  the  Grand  Canyon  in  the  Kaibab  division. 
(See  PL  XX.)  Probably,  therefore,  it  ex- 
tends continuously  from  Kanab  Creek  to 
Nunkoweap  Valle3^  Further  study  may  show 
that  it  extends  far  west  of  Kanab  Creek. 

Inasmuch  as  the  unconformity  lies  within 
horizontal  strata   it  can  not  be  detected  by 

"  Schuchert,  Charles,  op.  cit.,  p.  369. 

**  Walcott,  CD.,  personal  communication. 

••Walcott,  C,  D.,  The  Permian  and  other  Paleozoic  groups  of  the 
Kanab  Valley,  Ariz.:  Am.  Jour.  Sci.,  3d  ser.,  vol.  20,  pp.  221-225, 1880. 

"  Walcott,  C.  D.,  Pre-Carboniferous  strata  in  the  Grand  Canyon  of 
the  Colorado,  Ariz.:  Am.  Jour.  Sci.,  3d  ser.,  vol.  26,  p.  438, 1883. 


discordance  of  dip  and  is  plainly  recognizable 
only  where  the  eroded  surface  exhibits  strong 
relief.  In  places  where  the  eroded  surface 
is  level  or  nearly  level,  as,  for  example,  at 
Bass  Canyon  and  at  Cottonwood  Creek,  the 
unconformity  is  obscure.  Even  where  the 
surface  is  moderately  irregular,  as  in  the  re- 
gion about  the  Hermit  and  Bright  Angel 
trails,  the  visitor  may  at  first  experience 
considerable  difficulty  in  recognizing  the  un- 
conformity until  he  knows  exactly  where  to 
look  for  it. 

At  present  the  Hermit  and  Bright  Angel 
trails  afford  the  visitor  the  easiest  opportunity 
to  examine  the  unconformity.  If  he  will 
descend  either  of  these  trails  to  a  point  about 
a  hundred  feet  below  the  base  of  the  sheer 
cliff  formed  by  the  Redwall  limestone,  pick 
out  the  beds  of  massive  cliff-making  dolomite 
that  constitute  the  topmost  subdivision  of  the 
Muav  limestone  (see  PL  XX),  and  follow 
their  upper  surface,  he  will  find  broken-down 
areas  in  the  top  of  the  dolomite  cliff,  which  at 
first  sight  may  appear  to  be  caused  by  masses 
of  rock  breaking  off  from  the  cliff  but  which 
close  inspection  will  show  to  be  hollows 
eroded  in  the  dolomite  and  filled  by  overlying 
strata.  As  a  rule  the  strata  in  the  hollows 
exhibit  pale  purplish  or  pinkish  tints,  which 
contrast  slightly  with  the  prevailing  buff  or 
gray  of  the  dolomite,  although  in  many  places 
their  color  is  obscured  by  buff  and  gray  stains 
washed  over  them  from  overlying  beds.  More- 
over, they  are  softer  than  the  dolomite  and 
are  irregularly  bedded,  so  that  they  weather 
more  easily  than  the  dolomite  and  form 
slopes.  Commonly,  these  slopes  are  wholly  or 
partly  covered  with  talus. 

In  the  canyon  of  Garden  Creek,  through 
which  the  Bright  Angel  trail  descends  from 
the  rim  of  the  Grand  Canyon  at  El  Tovar,  a 
hollow  of  the  type  just  described  is  well  ex- 
posed near  the  north  end  of  the  promontory 
that  separates  the  canyon  of  Garden  Creek 
from  that  of  Pipe  Creek.  This  hollow  lies 
about  half  a  mile  east  of  Indian  Garden  and 
may  be  reached  by  leaving  the  trail  near 
Indian  Garden  and  climbing  the  long  slope  of 
Bright  Angel  shale  and  Muav  limestone  east 
of  the  Garden.  Other,  hollows  are  exposed 
in  the  canyon  of  Garden  Creek  which  the  vis- 
itors will  easily  discover  when  he  has  learned 
where  to  look  for  them.     The  canyon  of  Pipe 
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Creek,  east  of  Garden  Creek,  contains  at  least 
ten  of  them.  Several  are  exposed  in  each  of 
the  canyons,  west  of  Garden  Creek,  between 
Garden  Creek  and  Hermit  Creek. 


called  *'  Long  Drag  "  and  climb  eastward  sevei'al 
hmidred  feet  up  the  steep  ledgy  slope  formed  by 
subdivisions  C  and  B  of  the  Muav  limestone, 
following  a  contact  between  bare  rock  on  his 
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{•"IGUUE  3.— Diagrammatic  sketches  showing  general  character  of  uncon- 
formity Jwtwoen  Temple  Butte  lime.stono  and  Muav  limestone  at 
eight  localities  Iwtweon  (Jarnet  Canyon  and  Cottonwood  ('reek,  (Irand 
Canyon,  -\riz.  o,  (Janiet  Canyon;  b,  Bass  Canyon;  f,  Ruby  Canyon: 
d,  Turquisc  Canyon;  e.  Slate  CriH.'k:  /,  Hermit  Creek;  a,  Piy»e  Creek; 
A,  ('ottonwood  Creek. 

In  the  canyon  of  Hermit  Crock  a  hollow 
nearly  80  feet  deep  lies  in  the  northern  slope  of 
Cope  Butte  just  east  of  and  above  the  Hermit 
trail.  To  reach  this  hollow  the  visitor  should 
leave  the  trail  at  the  lower  end  of  the  tangent 


but  the  north  end  of  it  is  concealed 
by  talus,  and  the  observer  may 
doubt  its  existence  until  he  actually  reaches  it. 
Th(»  north  end  of  the  hollow  affords  good  expo- 
sures of  the  gnarly,  irregularly  bedded  pinkish 
or  purplish  calcareous  sandrock  that  consti- 
tuti»s  the  typical  deposit  of  kno^^Ti  Devonian 
age  in  this  part  of  the  Grand  Canyon  (see  p.  51), 
so  that  to  one  interested  in  the  stratigraphy 
the  hollow  is  well  worth  a  visit  because  of  its 
accessibility.  A  similar  hollow  is  exposed  on 
the  west  side  of  the  canyon  of  Hermit  Creek 
about  a  mile  west  of  the  hollow  just  described. 
It  lies  near  the  north  end  of  the  promontory 
that  separates  the  canyon  of  Hermit  Creek  from 
the  next  large  canyon  west  of  it. 

By  far  the  best  exposures  of  the  unconformity 
which  I  have  seen  in  the  Grand  Canyon  are  in 
the  region  between  Hermit  Creek  and  Bass 
Canyon,  in  the  long  straight  canyons  that  head 
behind  Diana,  Pollux,  and  Castor  temples, 
namely.  Slate  Creek,  Agate,  Sapphire,  and  Tur- 
quoise canyons;  also  in  Ruby  Canyon,  2 J  miles 
southeast  of  Bass  Canyon.  In  all  these  can- 
yons the  surface  of  erosion  is  irregular  in  many 
places,  so  that  the  unconformity  is  plainly  evi- 
dent at  first  sight,  even  when  viewed  from  a  con- 
siderable distance.  This  interesting  region, 
however,  is  not  easilv  accessible  to  the  tourist. 

The  accompanying  sketches  of  the  uncon- 
formity (fig.  «S)  show  the  topographic  character 
of  the  eroded  surface  at  eight  different  localities 
between  Garnet  Canyon  and  Cottonwood  Creek. 
The  photographs  reproduced  in  Plates  XXII 
and  XXIII,  .1,  show  details  of  the  uncon- 
formit v.  At  Garnet  Canyon  the  surface  is  com- 
parati vely  even  and  exhibits  no  narrow  hollows- 
Depressions  are  eroded  in  it,  but  they  apj>ear 
to  be  so  broad  and  flat  that  the  general  aspect 
of  the  surface  is  mesa-like.  At  Bass  Canyon,  3 
miles  from  Garnet  Canyon,  the  surface  is  prac- 
tically level,  and  I  have  observed  only  one 
irregularity  in  it  in  a  distance  of  several  thou- 
sand feet.  Tliis  irregularity  is  a  steplike  drop 
of  about  25  fe(*t  from  one  mesa-like  level  to 
another.  At  Kubv  Canvon,  2i  miles  from 
Bass  Canvon,  the  surface  is  verv  uneven.     The 
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depressions  in  it  are  numerous,  irregular  in  pro- 
file, and  comparatively  narrow.  Some  of  these 
hollows  are  40  feet  deep.  At  Turquoise  Can- 
yon, 2J  miles  from  Ruby  Canyon,  the  hollows 
are  less  numerous  but  are  broader  and  deeper 
than  they  are  at  Ruby  Canyon.  Some  are  SO 
feet  deep.  In  profile  they  are  irregular,  like 
those  at  Ruby  Canyon.  At  Slate  Creek,  3  miles 
from  Turquoise  Canyon,  the  hollows  are  broad 
and  deep  but  are  more  symmetrical  in  profile 
than  those  at  Ruby  Canyon.  At  Hermit  Creek, 
5  miles  from  Slate  Creek,  they  are  symmetrical, 
broad,  and  deep  but  are  much  less  numerous 
than  at  Slate  Creek.  At  Pipe  Creek,  5J  miles 
from  Hermit  Creek,  they  are  shallower  and  nar- 
rower  than  at  Hermit  Creek  but  otherwise  re- 
semble those  at  Hermit  Creek.  Southeast  of 
Fipe  Creek  they  disappear,  and  at  Cottonwood 
Creek,  7  miles  from  Pipe  Creek,  the  unconfor- 
mity is  represented  by  a  slightly  wavy  surface 
which  does  not  appear  to  exhibit  vertical  irregu- 
larities of  more  than  3  or  4  feet  in  horizontal 
distances  of  hundreds  of  feet. 

In  the  region  between  Ruby  Canyon  and 
Pipe  Creek  the  hollows  look  like  cross  sections 
of  ancient  stream  valleys.  If  they  are,  I  be- 
lieve it  would  be  possible  by  studying  and  map- 
ping the  hollows  between  Slate  Creek  and  Ruby 
Canyon  to  identify  certain  ancient  valleys  in 
opposite  w^alls  of  a  canyon,  trace  them  through 
the  narrow  promontories  separating  the  can- 
yons, and  thus  by  restoring  in  imagination  their 
courses  over  a  considerable  area  determine  their 
direction  and  grade. 

DEVONIAN  SYSTEM. 
TEMPLE  BXTTTE  LIMESTONE. 

Although  the  upper  limit  of  the  Tonto  group 
is  clearly  defined  by  the  unconformity  just  de- 
scribed, the  correlation  of  the  beds  that  lie 
between  this  unconformity  and  the  sheer  clifl" 
of  the  Redwall  limestone  is  a  difficult  problem. 
The  beds  differ  from  place  to  place  in  thickness, 
character,  and  succession  and  are  not  separated 
from  the  overlying  Redwall  strata,  of  known 
Mississippian  age,  by  a  sharp  stratigraphic 
break  like  the  unconformity  at  the  summit  of 
the  Tonto.  Some  beds  are  unquestionably  of 
Devonian  age,  and  others  may  be  Mississippian, 
but  owing  to  their  variation  in  character  and 
succession  and  to  the  absence  of  sharp  strati- 
graphic  bre  iks  their  separation  can  be  estab- 
lished  definitelv  only  bv   the   aid    of   fossils. 


Many  beds  contain  obscure  traces  of  life,  but 
determinable  forms  are  scarce  and  the  beds  are 
difficult  to  reach  in  many  places  where  it  seems 
desirable  to  study  them.  It  will  be  necessary 
to  make  a  more  thorough  study  of  the  beds  than 
I  have  yet  attempted,  and  particularly  to  make 
a  systematic  search  for  fossils  in  them,  before 
their  age  and  correlation  can  be  established  in 
detail.  Meanwhile  the  correlations  presented 
in  this  report  (see  PL  XX)  should  be  regarded 
as  tentative. 

Fortunately  one  type  of  deposit  that  can  be 
recognized  wherever  it  is  present  by  its  peculiar 
lithologic  character  has  yielded  fossils  at  one 
locality  which  conclusively  establish  its  age 
as  Devonian.  This  deposit  is  an  irregularly 
bedded,  gnarly  pinkish  or  purplish  calcareous 
sandrock  which  fills  hollows  in  the  surface 
marked  by  the  unconformity.  It  is  exposed 
most  typically  in  the  canyons  between  Ruby 
Canyon  and  Pipe  Creek  (see  fig.  3  and  PI.  XX) 
and  is  apparently  represented  by  equivalent 
beds  at  Garnet  Canyon  and  at  Cottonwood 
Creek.  It  is  not  exposed  at  Bass  Canyon. 
Apparently  it  is  the  oldest  deposit  laid  down 
upon  the  post-Tonto  surface  in  this  part  of  the 
Grand  Canyon. 

The  locality  where  I  found  fossils  in  the  de- 
posit is  in  Sapphire  Canyon,  at  an  elevation  of 
about  3,700  feet,  in  the  main  stream  course  of 
the  canyon.  At  this  point  the  deposit  fills  a 
depression  about  50  feet  deep  eroded  in  the 
Muav  limestone.  It  consists  essentiallv  of 
irregularly  bedded  calcareous  sandrock  whose 
component  grains  are  chiefly  calcareous  or 
dolomitic  sand;  the  rock  might  thus  be  classed 
either  as  limestone  or  as  sandstone.  Some 
beds,  however,  are  compact  crystalline  lime- 
stone or  dolomite,  and  some  are  coarse  conglom- 
erate. A  few  beds  consist  of  bright-red  fine- 
grained friable  sandstone  or  sandy  shale  which 
resembles  the  Hermit  shale  higher  in  the 
canyon  w  all.  (See  p.  64.)  In  places  this  red 
sandstone  shows  concretionary  structure,  and 
some  beds  exhibit  sun  cracks. .  Practically 
all  the  calcareous  sandrocks  and  associated 
beds  are  in  lenticular  layers  which  are  highly 
irregular  and  are  of  no  great  horizontal  extent, 
commonly  wedging  out  wnthin  distances  of  less 
than  100  feet.  Local  unconformities  are  com- 
mon between  the  beds.  No  two  vertical  sec- 
tions of  the  deposit  are  alike,  even  in  the  same 
hollow.     The  prevailing  color  of  the  beds  is 
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pinkish  or  purplish  gray,  but  some  beds  display 
green  or  yellowish  tints,  and  some  are  white  or 
cream-colored.  In  many  places  the  colors  are 
mingled  in  blotches  and  streaks.  Most  of  the 
rock  is  moderately  fine  grained,  and  nearly  all 
of  it  exhibits  cross-bedded  structure.  In  many 
parts  of  the  deposit,  but  particularly  at  the  top, 
the  bedding  is  curiously  gnarled  and  contorted. 
Probably  this  gnarly  structure  is  an  irregular 
form  of  cross-bedding. 

The  fossils  occur  in  the  lower  part  of  the 
deposit,  most  of  them  within  3  feet  of  the  base. 
They  are  abundant  but  are  fragmentary  and 
poorly  preserved.  A  few  fragments  are  scat- 
tered through  higher  beds.  The  following 
analysis  of  a  representative  sample  of  the  rock 
in  which  the  fossils  occur  shows  that  the  rock 
is  an  impure  dolomite. 

Partial  chemical  analysis  of  limestone  from  Sapphire  Canyon, 

[Alfred  A.  Chambers,  analyst.] 

Insoluble 10.  96 

(AI,  Fe^jOa 2.  89 

CaO 27.  43 

MgO 17.  88 

The  fossils  are  scales  and  plates  of  fishes. 
The  material  w^hich  I  collected  was  examined 
by  J.  W.  Gidley ,  who  ^^Tites : 

I  have  gone  over  your  collection  (critically  and  find  only 
Bothriolepis  represented  in  the  lot.  The  material  is  too 
fragmentary  to  be  determined  specifically.  However,  the 
form  represented  appears  to  agree  rather  more  closely  with 
an  Eastern  species.  B.  nitidus,  found  in  the  Catskill 
formation,  than  it  does  with  the  common  western  form. 
B.  canadensis.  This,  however,  is  not  important  for  your 
purpose,  except  that  it  certainly  indicates  Upper  Devo- 
nian. 

So  far  as  I  know,  Bothriolepis  is  characteristic  of  the 
Upper  Devonian  and  is  not  known  to  occur  below  the 
Middle  Devonian. 

In  addition  I  may  state  that  in  the  character  of  the  rock 
and  broken  condition  of  the  fish  remains  your  collection 
is  very  similar  to  the  Catskill  material. 

The  deposits  of  the  type  just  described  can 
therefore  be  assigned  without  question  to  the 
Devonian  Temple  Butte  limestone,  which, 
according  to  Walcott,^  ^'is  unmistakably 
marked  by  thin  purplish-colored  layers  of 
fine-grained  sandstone  that  pass  into  calcareous 
sandrock  and  limestone  in  which  cyathophyl- 
loid  corals,  casts  of  brachiopods  and  gastropods, 
and  plates  of  placoganoid  fishes  usually  occur." 
Fossils  will  probably  be  found  in  other  local- 
ities than  the  one  in  Sapphire  Canyon  when 
systematic  search  is  made  for  them. 

«  Walcott,  C.  D.,  Pre-Carboniferous  .strata  in  the  Grand  Canyon  of  the 
Colorado,  Ariz.;  Am.  Jour.  Sci.,  3d  ser.,  vol.  2»'»,  p.  438, 18S3. 


The  deposits  just  described  are  essentially 
similar  wherever  they  are  exposed,  although 
they  may  difi'er  somewhat  in  lithologic  detail. 
At  Turquoise  Canyon,  for  example,  they 
contain  many  lenses  of  conglomerate,  whereas 
at  many  other  localities  they  may  contain 
little  or  none.  At  some  places  they  may 
contain  no  bright-red  sandstone  or  shale,  and 
at  some  places  little  or  no  limestone  or  dolomite. 
Calcareous  sandrock  characterized  by  gnarly 
or  contorted  bedding,  however,  is  always 
present.  At  Turquoise  and  Sapphire  canyons 
and  at  the  canyons  of  Slate  and  Hermit 
creeks  the  upper  part  of  the  deposits  consists 
wholly  of  gnarly  sandrock,  which  forms  a 
massive,  rather  distinct  bed  from  20  to  25  feet 
thick.  Commonly  the  upper  part  of  this  bed 
extends  over  the  top  of  the  higher  Cambrian 
knolls  to  a  depth  of  5  to  15  feet. 

At  Bass  Canyon  the  massive  dolomite  (sub- 
division A)  at  the  top  of  the  Muav  limestone  is 
overlain  by  75  feet  of  thin-bedded  purplish  to 
white  sandy  limestone  which  is  mottled  in 
places  by  worm  markings  and  contains  a  few 
beds  of  intraformational  conglomerate  similar 
to  that  in  the  Muav  limestone.  This  thin- 
bedded  limestone  contains  no  determinable  fos- 
sils, although  one  bed  contains  obscure  forms 
that  are  probably  cup  corals.  A  detailed 
section  of  the  limestone  is  given  on  pages  32-33. 
The  following  analysis  shows  the  composition 
of  a  sample  of  the  limestone  taken  from  bed 
14,  at  the  base  of  the  section: 

Partial  chetnical  analysis  of  limestone  from  bed  14y    Temple 

Butte  limestone. 

[Alfred  A.  Chambers,  analyst.] 

Insoluble 24,  41 

(Al,  Fe)203 1.  83 

CaO 22.  95 

MgO 15.  01 

The  rock  is  therefore  an  impure  magnesian 
limestone  or  dolomite.  The  insoluble  impuri- 
ties are  probably  largely  quartzose  sand. 

The  beds  of  sandy  Ihnestone  are  overlain  by  a 
massive  bed  of  brccciated  limestone  (see  p. 
32),  which  lies  at  the  base  of  the  Redwall  cliff. 
Both  upper  and  lower  surfaces  of  this  brecciated 
limestone  are  wavy,  but  I  am  not  sure  that 
they  represent  planes  of  erosion.  At  any  rate 
the  brecciated  bed  marks  an  abrupt  change  in 
lithology,  and  I  have  placed  it  at  the  base  of 
the  Mississippian  Kedwall. 
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At  most  places  in  Bass  Canyon  the  contact 
between  the  thin-bedded  sandy  limestone  and 
the  underlying  massive  dolomite  of  the  Muav 
limestone  is  an  even  line,  so  that  the  two  forma- 
tions appear  to  be  conformable.  But  at 
Garnet  Canyon,  3  miles  west  of  Bass  Canyon, 
and  at  Ruby  Canyon,  2  miles  southeast  of 
Bass  Canyon,  the  thin-bedded  sandy  limestone 
is  separated  from  the  Muav  by  a  plain  line  of 
erosion.  (See  fig.  3.)  The  contact  is  therefore 
an  imconformity. 

I  have  assigned  the  75  feet  of  thin-bedded 
sandy  limestone  exposed  at  Bass  Canyon  to  the 
Devonian  Temple  Butte  limestone,  because  at 
Garnet  Canyon  (see  PI.  XX)  similar  beds 
overlie  a  gnarly  purplish  conglomeratic  sand- 
rock  that  resembles  the  deposit  in  which  fish 
remains  occur  in  Sapphire  Canyon  and  are 
overlain  by  other  beds  of  gnarly  conglomeratic 
sandrock  and  red  shale,  so  that  at  Garnet 
Canyon  the  thin-bedded  sandy  limestone  is 
actually  included  within  beds  that  are  litho- 
logically  identical  with  the  known  Temple 
Butte  limestone. 

POSSIBLE  TTNCONFOBMITY  BETWEEN  DEVONIAN 
AND  CAEBONIFEBOUS  SYSTEMS. 

Walcott  ^®  has  shown  that  at  Kanab  Creek 
the  Redwall  limestone  is  separated  from  under- 
lying Devonian  beds  by  a  line  of  erosion,  but  I 
am  imable  confidently  to  trace  this  unconfor- 
mity in  the  region  between  Garnet  Canyon  and 
Cottonwood  Creek  and  at  all  places  to  separate 
Devonian  beds  from  the  Red  wall  limestone. 

At  Hermit  Creek  the  sequence  of  beds  be- 
tween the  Devonian  Temple  Butte  limestone 
and  the  Redwall  strata  of  known  Mississippian 
age  is  as  follows : 

Section  in  western  slope  of  Cope  Butte ^  near  Hermit  trail. 

[For  profiles  of  section  see  Pis.  XIX  and  XX.] 

Feet. 

Massive  ^ay  magnesian  limestone   of  known 

Mississippian  age  forming  lower  part  of  sheer 

Redwall  cliff 80  ± 

1.  Alternating  beds  of  gray  magnesian  limestone, 

buff  sandstone,  and  chert;  partly  concealed; 
form  slope 15 

2.  Massive  gray  vesicular  crystalline  magnesian 

limestone;  ca\dtie8  contain  coarse  crystals  of 

of  calcite;  forms  cliff 11 

3.  Concealed  beds;  form  slope 6 

4.  Limestone  like  bed  2;  cliff 7 

»  Walcott,  C.  D.,  The  rermian  and  other  Paleozoic  groups  of  the  Ka- 
oab  Valley,  Ariz.:  Am.  Jour.  Scl.,  Sdser.,  vol  20,  pp.  221-225, 1880. 


Feet. 

5.  Band  of  chert  layers;  weathering  black 1 

6.  Limestone  like  bed  2;  cliff 7 

7.  Buff  sandstone  with  bands  of  chert 5 

8.  Limestone  like  bed  2;  cliff 7 

9.  Buff  sandstone  with  bands  of  chert 2 

10.  Limestone  like  bed  2  but  sandy ;  slope 4 

11.  Sandy  conglomerate  cpmposed  largely  of  frag- 

ments of  calcareous  sandrock;  cliff;  base  of 

bed  uneven,  wavy 1-3 

Gnarly  purplish  and  white  calcareous  sandrock 
of  known  Devonian  age  (Temple  Butte  lime- 
stone) lying  in  hollow  eroded  in  Muav  lime- 
stone; upper  surface  of  sandrock  uneven, 
wavy;  in  places  exhibits  inequalities  of  3 
feet 14-76 

The  following  analysis  of  a  representative 
sample  of  the  limestone  forming  bed  8  of  the 
foregoing  section  probably  shows  approxi- 
mately the  composition  of  beds  2,  4,  and  6  as 
well,  because  none  of  these  beds  differ  in 
appearance. 

Partial  chemical  analysis  of  limestone  from  bed  8^  Cope  Butte, 

[Alfred  A.  Chambers,  analyst.] 

Insoluble 0. 47 

(Al,Fe)A 41 

CaO 3L79 

MgO 19.65 

The  limestone  is  therefore  a  practically  pure 
dolomite,  and  it  is  interesting  to  note  that  tho 
chemical  composition  of  this  rock  is  almost  ex- 
actly that  of  the  overlying  limestone,  which 
forms  the  lower  part  of  the  Redwall  cliflF  (see 
analysis,  p.  55)  and  from  which,  indeed,  the 
limestone  of  bed  8  is  almost  indistinguishable 
in  appearance,  differing  only  in  the  thickness 
of  the  bedding. 

Because  the  limestones  in  the  series  of  beds  1 
to  11  of  the  above  section  are  lithologically 
identical  with  the  beds  at  the  base  of  the  over- 
lying Redwall  limestone  I  have  assigned  the 
series  to  the  Redwall  limestone.  The  litho- 
logic  change  from  these  beds  to  the  gnarly 
sandrock  underlying  them  is  sharp,  and  it  is 
possible  that  the  wavy  line  at  their  base  marks 
an  erosional  unconformity  which  separates  the 
Devonian  from  the  Mississippian.  However,  I 
do  not  wish  unduly  to  emphasize  the  import- 
ance of  the  latter  feature,  because  wavy  sur- 
faces occur  at  many  horizons  in  the  Redwall 
and  Temple  Butte  limestones  and  are  not  neces- 
sarily of  widespread  stratigraphic  significance. 

Massive  beds  of  gray  vesicular  magnesian 
limestone  that  alternate  with  layers  of  sand  or 
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chert  and  are  similar  to  the  series  at  Hermit 
Creek  just  described  are  exposed  at  Turquoise 
Canyon  and  in  the  canyons  of  Slate,  Pipe,  and 
Cottonwood  creeks,  where  I  liave  also  assigned 
them  to  the  Kedwall  limestone.  (See  PL  XX.) 
Apparently  the  series  thickens  southeastward 
and  attains  a  thickness  of  more  than  100  feet 
in  the  region  about  Cottonwood  Creek,  but  I 
have  examined  it  in  detail  only  at  Hermit 
Creek.  At  Turcjuoise  Canyon  and  Slate  Creek 
it  is  underlain  by  15  to  20  feet  of  thin-bedded 
sandy  purplish  and  whitish  magnesian  lune- 
stones;  those  at  Slate  Creek  I  have  assigned 
tentatively  to  the  Temple  Butte  limestone 
(see  PL  XX),  because  tliey  resemble  the  thin- 
bedded  Temple  Butte  limestone  at  Bass  Ciin- 
yon  (see  pp.  51-53) ,  although  it  is  possible  that 
they  belong  at  the  base  of  the  Redwall  lime- 
stone, for  they  are  separated  from  underlying 
gnarly  sandrock  of  Devonian  age  by  a  slightl}^ 
wavy  surface.  At  Bass  Canyon  no  beds  at 
all  resembling  the  massive  vesicular  limestones 
of  Hermit  Creek  appear  bdow  the  base  of  the 
Redwall  cliff.  The  litTiologic  change  from 
typical  Redwall  beds  to  the  thin-bedded  pur- 
plish sandy  limestone  of  the  Devonian  takes 
place  at  a  brecciated  bed  at  the  very  base  of 
the  cliff,  and  the  plane  of  separation,  as  stated 
on  page  53,  may  or  may  not  be  an  unconformity. 
At  Garnet  Canyon  all  teds  above  the  known 
Devonian  are  inaccessible.  An  uneven  surface 
is  exposed  there  at  the  top  of  the  highest 
beds  that  I  could  reach,  but  I  do  not  know 
whether  this  surface  is  an  unconformity  sepa- 
rating Devonian  and  Mississippian  or  only  a 
local  unconformity  in  the  Temple  Butte  lime- 
stone. 

In  brief,  if  an  unconformity  separates  the 
Temple  Butte  limestone  and  the  Redwall  Hme- 
stone  in  the  region  which  I  have  examined,  it 
is  so  obscure  and  exhibits  so  little  irregularity 
that  it  can  be  detected  only  b}^  obtaining  deter- 
minable fossils  in  the  strata  within  which  it 
lies.  Certainly  no  surface  of  erosion  exists 
which  is  at  all  comparable  in  irregularity  with 
that  which  separates  the  Tonto  group  from 
overlying  beds. 

CABBONIFEBOUS  SYSTEM. 

MISSISSIPPIAX    SERIES. 
REDWALL  LIMESTONE  (RESTRICTED). 

Definition. — In  previous  publications  the 
Redwall  limestcme  has  been  classified  us  of 
Pennsylvanian  and  Mississippian  age.     As  orig- 


inally defined  by  Gilbert  '^  the  formation  was 
^^  named  from  the  red  appearance  of  its  escarp- 
ments on  either  side  of  the  Grand  Canyon''  and 
included  in  its  top  200  to  510  feet  of  altenlating 
sandstones  and  limestones  of  ''Coal  Measures'' 
(Pennsylvanian)  age.  Later  writers  have  also 
included  these  Pennsylvanian  beds  in  the  Red- 
wall,  although  Darton  ^*  in  1910  expressed  the 
belief  that  they  properly  belonged  to  the  over- 
lying Supai  formation.  In  the  present  report 
these  beds  of  Pennsylvanian  age  are  transferred 
to  the  Supai  formation,  to  which,  by  reason  of 
their  lithology,  age,  and  probable  unconform- 
able contact  with  the  Mississippian  rocks,  they 
seem  more  properly  to  belong.  The  name  Red- 
wall  limestone  is  therefore  here  restricted  to  the 
massive  gray  crystalline  limestones  of  Missis- 
sippian age,  and  this  restricted  definition  has 
been  adopted  by  the  United  States  Geological 
Survey. 

Character. — The  Redwall  limestone  as  here 
restricted  consists  almost  wholly  of  bluish-gray 
crystalline  limestone  whose  distinctive  features 
are  massive  appearance,  hardness,  and  rela- 
tively great  thickness.  The  maissive  appear- 
ance of  the  limestone  is  due  partly  to  the  thick- 
ness and  homogeneity  of  the  beds  but  chiefly 
to  the  fact  that  the  planes  of  separation  be- 
tween many  beds  are  inconspicuous,  so  that 
when  viewed  from  a  distance  large  parts  of  the 
formation  present  the  appearance  of  a  single 
stratum.  The  hardness  and  thickness  of  the 
limestone  cause  it  to  make  the  sheerest  and 
most  continuous  cliff  in  the  canyon  wall. 

At  Bass  Canyon  the  Redwall  limestone  is 
about  570  feet  thick  and  is  divisible  into  three 
parts  which  differ  in  topographic  expression. 
Subdivision  C,  at  the  base  of  the  formation, 
makes  a  slope  that  unites  with  the  steep  ledgy 
slope  formed  by  the  Temple  Butte  limestcme 
(see  p.  32)  and  is  a  bed  of  sandy  breccia  8  feet 
thick  whose  fragments  consist  chiefly  of  gray 
limestone.  It  is  overlain  by  bluish-gray  mas- 
sive crystalline  limestone,  obscurely  bedded  at 
the  base  and  top,  which  makes  a  cliff  approx- 
imately 500  feet  high.  This  cliff-making  lime- 
stone constitutes  subdivision  B.  Subdivision 
A,  at  the  top  of  the  formation,  consists  of  dis- 
tinctly bedded  bluish-gray  crystalline  lime- 
stone which  includes  a  few  thin  partings  of  red 

»"  Ciilwrt.  <;.  K.,  U.  S.  (Jeog.  jiud  Geol.  Surveys  W.  100th  Mor.  Rept., 
vol.  A.  pp.  nil,  ir,2,  177,  17S.  is.-),  tig.  82,  l*<7o. 

3'  narton.  N.  H.,  A  rw^nmaisvsjince  of  parts  of  northwestern  New 
Mcxiio  and  northern  Arizona:  U.  S.  Geol.  Sur\'ey  Bull.  435.  p.  22,  IfllO. 


PALEOZOIC  FORMATIONS   OF   THE   GRAND  CANYON. 


56 


shale.  This  subdivision,  62  feet  thick,  makes 
a  succession  of  small  cliffs  and  narrow  ledges 
above  the  sheer  cliff  formed  by  subdivision  B. 
The  character  and  succession  of  the  Redwall 
beds  are  described  in  the  sections  given  on  pages 
31-32,  and  the  profiles  of  the  subdivisions  are 
shown  in  the  columnar  section  (PL  XIX) . 

Subdivisions  A  and  C  can  not  be  traced 
with  certainty  far  from  Bass  Canyon,  but 
subdivision  B,  the  main  cliff-making  portion 
of  the  Redwall,  is  constant  in  hthology  and  in 
appearance  and  is  readily  recognizable  every- 
where in  the  Kaibab  division  of  the  Grand 
Canyon.  The  upper  and  lower  portions  of 
the  subdivision  are  obscurely  and  heavily 
bedded,  whereas  the  middle  portion  is  dis- 
tinctly bedded  and  contains  many  thin  layers 
of  chert  and  sand.  Most  beds  in  the  sub- 
division contain  a  few  scattered  nodules  of 
chert,  but  chert  is  conspicuously  abundant 
only  in  the  middle,  distinctly  bedded  portion. 
Many  beds  contain  coarse  crystals  of  calcite, 
some  of  which  line  cavities,  some  of  which 
form  large  irregular  masses  in  the  rock,  and 
some  of  which  form  layers  a  few  inches  to  a 
foot  thick.  Interbedded  layers  of  sandstone 
occur  throughout  the  subdivision  but  are 
numerous  only  in  the  middle  portion.  As  a 
rule  the  sand  is  loosely  cemented  and  exhibits 
gnarly  structure.  Many  beds  rest  on  irregular, 
wavy  surfaces.  In  many  places  the  limestone 
cliff  is  stained  pinkish  or  pale  rose  color  by 
ferritic  pigment  washed  over  it  from  overlying 
red  shales  in  the  Supai  formation.  Unstained 
surfaces  of  the  limestone  commonly  weather 
gray  or  bluish  gray.  Freshly  broken  surfaces 
are  gray,  buff,  or  white. 

The  following  analyses  show  the  compo- 
sition of  representative  samples  of  limestone 
from  subdivision  B  at  Bass  Canyon.  No.  1 
represents  the  obscurely  bedded  limestone 
(No.  1,  p.  32)  that  forms  the  upper  part  of  the 
subdivision;  No.  2,  the  heavily  bedded  lime- 
stone (No.  3,  p.  32)  that  forms  the  lower  part. 

Partial  chemical  analyses  of  linu^ton^  from  ^ubdii-ision  B, 

Redwall  limestone, 

[Alfrefl  A.  Chambers  analyst. 


Insoluble.. 
(Al,  Fe)j03 

CaO 

MgO 


These  analyses  show  that  the  hmestone  at 
the  top  of  the  subdivision  is  practically  pure, 
whereas  that  at  the  base  is  magnesian  and  is 
essentially  dolomite.  The  composition  of  the 
hmestone  forming  the  middle,  laminated  mem- 
ber of  the  subdivision  was  not  determined  by 
analysis,  but  inasmuch  as  this  hmestone 
resembles  that  in  the  overlying  obscurely 
bedded  member  in  appearance  and  effervesces 
freely  with  acid,  it  is  probably  not  magnesian. 
The  limestones  in  subdivision  A  resemble 
those  in  the  upper  part  of  subdivision  B  and 
effervesce  freely  with  acid.  It  would  appear, 
therefore,  that  the  limestone  in  the  whole 
upper  portion  of  the  Redwall  is  comparatively 
pure  and  only  that  in  the  basal  member  of 
subdivision  B  is  magnesian. 

Southeastward  from  Bass  Canyon  subdi- 
vision B  diminishes  gradually  but  steadily  in 
thickness.  At  Bass  Canyon  it  is  approxi- 
mately 500  feet  thick;  at  Hermit  Creek,  13 
miles  southeast  of  Bass  Canyon,  475  feet;  and 
at  Red  Canyon,  16  miles  farther  southeast,  375 
feet.  Red  Canyon  is  4  miles  east  of  Cotton- 
wood Creek.  This  decrease  in  the  thickness 
of  subdivision  B  is  readily  apparent  to  most 
observers  in  the  diminished  height  of  the  Red- 
wall  cliff  when  seen  from  Grandview  or  Desert 
View,  as  contrasted  with  the  height  of  the 
cliff  when  seen  from  the  head  of  the  Hermit 
trail  or  from  Bass  Camp. 

Subdivision  A  as  defined  at  Bass  Canyon  is 
traceable  southeastward  at  least  as  far. as 
Hermit  Creek  (see  columnar  sections,  PI.  XIX), 
but  subdivision  C  is  not  traceable  southeast  of 
Ruby  Canyon,  2  mil(»s  from  Bass  Canyon.  At 
Slate  Creek,  8  miles  southeast  of  Bass  Canyon, 
and  in  the  region  southeast  of  Slate  Creek  (see 
PI.  XX)  subdivision  B  is  underlain  by  a  series 
of  gray  vesicular  magnesian  limestones  and 
interbedded  sandstones  which  make  a  steep 
ledgy  slope  beneath  the  cliff  of  subdivision  B. 
A  section  of  these  alternating  limestones  and 
sandstones  at  Hermit  Creek  is  given  on  page  53. 
This  series,  which  I  have  assigned  to  the  Red- 
wall  limestone  (see  p.  53),  apparently  occupies 
a  lower  horizon  in  the  Redwall  than  subdi- 
vision C,  which  actually  is  probably  a  local  bed 
at  the  base  of  subdivision  B.  The  alternating 
limestones  and  sandstones  thicken  southeast- 
ward, for  they  are  68  feet  tliick  at  Hermit  Creek 
and  at  least  130  feet  (estimated)  at  Red  Can- 
yon. I  have  not  measured  them  at  Slate, 
Pipe,  and  Cottonwood  creeks. 
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Thickness. — The  Redwall  limestone  de- 
creases in  thickness  in  the  29  miles  between 
Bass  Canyon  and  Red  Canyon.  It  is  570  feet 
thick  at  Bass  Canyon,  538  feet  at  Hermit 
Creek,  and  a  little  over  500  feet  at  Red  Canyon. 
The  decrease  in  thickness  in  the  formation  as 
a  whole  is  not  so  great  as  the  decrease  in  its 
cliff,  because  the  series  of  alternating  limestones 
and  sandstones  at  the  base  of  the  formation 
increases  in  thickness  southeastward  as  the 
overlying  cliff-making  limestone  diminishes. 
At  Kanab  Creek,  30  miles  northwest  of  Bass 
Canyon,  the  formation  is  a  little  over  700  feet 
thick.     (See  PI.  XIX.) 

Fossils. — Fossils  are  scarce  in  the  Redwall 
limestone  at  the  Bass,  Hermit,  and  Bright 
Angel  trails.  Commonly  they  are  poorly 
preserved  and  are  difficult  to  collect  unless 
they  are  weathered  out  of  the  rock.  In  1914 
I  made  small  collections  at  two  localities.  At 
Bass  Canyon  I  obtained  from  the  middle, 
distinctly  bedded  member  (2)  of  subdivision 
B  Fenestella  sp.  and  Schuchertella  chemungen- 
sis.  This  locality  is  at  the  Bass  trail  near  the 
bottom  of  the  narrow  part  of  Bass  Canyon  in 
the  Redwall. 

In  the  canyon  of  Hermit  Creek  I  obtained 
from  the  same  middle  member  of  subdivi- 
sion B 

Monilipora?  sp. 
Crinoid  stems. 
Fepestella,  several  sp. 
Rhipidomella  sp. 
Oamarotoechia  si). 
Spirifor  centronatiis. 
Syringothyris?  sp. 

The  fossils  were  identified  by  G.  H.  Girty, 
who  writes: 

Although  these  fossils  are  poor  and  constitute  a  ver>' 
small  fauna,  they  indicate  with  but  little  uncertainty  a 
Mississippian  (Madison)  age  and  thus  confirm  previous 
determinations  of  the  age  of  the  lower  and  major  part  of 
the  Redwall  limestone.  II  is  true  that  an  undoubted 
Pennsylvanian  fauna  has  been  cited  by  Meek  from  the 
upper  part  of  the  Redwall  limestone  of  this  general  region, 
but  these  fossils  came  from  beds  that  are  now  being  trans- 
ferred to  the  Supai  formation. 

In  1920  I  collected  fossils  from  beds  near 
the  top  of  the  Redwall  limestone  at  two  locali- 
ties. 

One  collection,  which  I  labeled  lot  C,  I 
obtained  at  the  very  top  of  the  Redwall 
cliff  in  the  canyon  of  Garden  Creek  directly 
under  El  Tovar.     The  locality  is   about   an 


eighth  of  a  mile  east  of  the  point  where  the 
Bright  Angel  (Cameron)  trail  descends  the 
Redwall  cliff  and  may  be  reached  by  leaving^ 
the  trail  at  this  point  and  walking  eastward 
along  the  narrow  bench  at  the  srnnmit  of  the 
cliff.  The  fossils  weather  from  the  upper 
surface  of  the  limestone  that  underlies  this 
bench,  and  the  horizon  appears  to  be  equivalent 
to  the  very  top  of  subdivision  B  of  the  Bass 
Canyon  section. 

The  other  collection,  which  I  labeled  lot  A, 
I  obtained  from  bed  5  of  subdivision  A  in 
Bass  Canyon.  (See  p.  31.)  The  locality  is  on 
the  west  side  of  Bass  Canyon  about  a  quarter 
of  a  mile  north  of  the  point  where  the  Bass 
trail  descends  the  break  in  the  Redwall  cliflF 
at  the  head  of  the  canyon.  It  may  be  reached 
by  following  the  first  bench  above  the  top 
of  the  sheer  cliff  of  subdivision  B  that  is  wide 
enough  for  a  man  to  walk  upon.  The  fossilif- 
erous  horizon  is  about  14  feet  above  the  top 
of  the  cliff. 

Regarding  these  two  collections  Mr.  Girty 
writes: 

Ix)t  0  contains  an  abundant  fauna,  though  one  showing 
but  little  diversity  and  represented  by  very  unsatisfactory 
specimens.     I  recognize  in  it  the  following  forms: 

Diphyphyllum?  sp.  (probably  the  same  form  shown 

by  better  specimen  in  lot  A). 
Camarotoechia?  n.  sp. 
Spirifer  centronatus. 
Spirifer  aff.  S.  incertus. 
Oomposita?  sp. 
Bellerophon  sp. 
Euomphalus?  sp. 

Ix)t  A  contains  Diphyphyllum  (Lithostrotionf)  sp.,  Cama." 
rotoechiaf  (apparently  tlie  same  form  as  in  lot  C),  and  a 
fucoid . 

These  two  lots  c(mtain  essentially  the  same  fauna  and  are 
of  the  same  geologic  age.  As  between  Pennsylvanian  and 
Mississippian,  I  should  refer  them  with  little  question  to 
the  Mississippian.  As  between  lower  Mississippian  and 
upper  Mississippian — that  is,  as  between  Madison  and 
Brazer — a  definite  conclusion  can  not  be  reached.  So 
few  occurrences  of  upper  Mississippian  rocks  are  known 
in  this  southwestern  region  that  a  general  probability  is 
established  that  these  faunas  belong  to  the  lower  horizon. 
The  facies  of  the  faunas  corresponds  so  far  as  it  goes  with 
the  lower  Mississippian  faunae,  as  we  know  them  now,  but 
the  forms  contained  in  these  collections  are  so  few,  so 
poorly  represented,  and  in  some  cases  so  ambiguous  that 
one  can  not  deny  the  existence  of  a  possibility  that  the 
geologic  age  may  be  upper  Mississippian.  To  state  the 
matter  briefly,  aa  I  see  it,  the  evidence  so  far  as  it  goes 
suggests  lower  Mississippian,  but  it  does  not  go  far  enough 
definitely  to  establish  the  lower  Mississippian  age  of  the 
horizon.  My  personal  convictions,  I  may  add,  are  strong 
that  the  age  is  actually  lower  Mississippian. 
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Schuchert,  who  has  collected  fossils  in  the 
Redwall  at  the  Hermit  trail,  states:  ^ 

The  base  of  the  Redwall  on  the  Hermit  trail  consists  of 
three  thick  beds.  The  upper  one  is  from  10  to  12  feet 
thick,  and  the  lowest  bed  is  8  feet  thick,  of  a  vesicular 
gray  dolomite  with  the  cavities  filled  with  calcito.  The 
upper  bed  has  Syringopora  cf.  s^nrcularifi .  Between  these 
two  dolomite  beds  is  a  yellowish-white  sandstone,  4  feet 
thick  » 

The  Redwall  may  be  studied  on  the  Hermit  trail  below 
the  Cathedral  Stairs,  but  the  sefjuence  can  not  be  made 
out  with  certainty  because  all  of  it  has  slumped  and  slid 
down  in  a  huge  landslide.  The  parts  are  mixed,  and  even 
some  of  the  Supai  is  included  with  blocks  of  the  Redwall. 
One  entire  day  was  devoted  to  collecting  fossils  from  it, 
but  the  results  were  very  unsatisfactor>\  Toward  the 
middle  of  the  Redwall  were  scH»n  scH'tions  of  a  few  corals, 
of  Menophyllum  and  Clmophyllum,  and  a  number  of  cri- 
noidal  columnals,  bctddes  Spiri/er  cjcntronatus.  Of  the  few 
foesils  taken  away  there  is  a  Syringopora  like  S.  surcularia 
Girty,  Menophyllum  excavatum  Girty.  Fen/'stella  and  Poly- 
pora  in  several  species,  and  a  finely  striate  Spiri/er. 

These  fossils  are  seen  to  belong  to  the  same  fauna  as  those 
identified  by  Girty  from  near  Nelson,  Ariz.,  and  collei'ted 
by  W.  T.  Lee.  The  time  indicated  by  them  is  that  of  the 
Madison  limestone  so  widely  distributed  in  the  Rocky 
Mountain  country,  or  of  the  older  half  of  the  Mississip- 
pian  of  the  Mississippi  Valley. 

In  1879  Walcott  collected  fossils  at  Kanab 
Creek  at  many  horizons  in  beds  which  he 
designated  subdivisions  b  and  c  of  the  Redwall 
limestone.  (See  PI.  XIX.)  These  two  sub- 
divisions and  the  underlying  subdivision  d  of 
Walcott^s  section  correspond  closely  in  lithology 
with  the  Redwall  of  my  Bass  Canyon  section 
and  constitute  the  Redwall  as  it  is  here  rede- 
fined. Subdivision  a,  at  the  top  of  Walcott^s 
Redwall  at  Kanab  Creek,  corresponds  in 
lithology  to  my  subdivision  C  of  the  Supai 
formation  at  Bass  Canyon  and  undoubtedly 
properly  belongs  in  the  Supai.     (See  p.  62.) 

These  collections  from  subdivisions  b  and  c 
at  Kanab  Creek  were  never  worked  up  in  detail 
by  Walcott  and  in  the  course  of  time  have  be- 
come badly  mixed  with  collections  made  from 
other  Carboniferous  beds  in  the  general  region. 
However,  Mr.  Girty,  who  has  examined  the 
material,  makes  the  following  statement  con- 
cerning as  much  of  it  as  he  is  able  to  assign  to 
the  collections  from  b  and  c : 

The  faunas  are  much  more  ext<»nflive  and  conclusive 
than  the  one  contained  in  your  lots  A  and  C,  and  I  refer 
them  without  hesitation  to  the  lower  Mississippian,  to  tliat 
widespread  limestone  formation  which  lias  conunonly  been 

•«  Schuchert.  Charles,  op.  cit.,  pp.  3r>()-3<)l. 

»  The  three  dolomite  beds  de-^^ribed  by  Schuihert  are  probably  beds 
2, 4  to  6,  and  8  of  my  section  at  Cope  Butte  given  on  page  53.— L.  F.  N . 


called  the  Madison  limestone  but  which  in  New  Mexico 
has  received  the  name  Lake  Valley  limestone.  I  do  not 
myself  feel  in  doubt,  although  the  evidence  is  not  entirely 
conclusive,  that  the  entire  RecH'all  limestone,  so  far  as  it 
is  embraced  within  the  horizons  represented  by  your 
collections  A  and  C  and  bv  Mr.  Walcott 's  collections  from 
Kanab  Canyon,  is  of  lower  Mississippian  age  and  belongs 
in  a  general  alinement  with  the  Ma^lison  limestone. 

The  type  locality  of  the  Redwall  limestone 
selected  by  Darton  ^*  is  Redwall  Canyon,  in  the 
Shinumo  .Vmphitheater,  only  4  miles  north  of 
Bass  Can  von.  The  section  at  Bass  Canyon, 
given  in  the  present  report,  is  so  near  Redwall 
Canyon  that  it  may  be  assumed  practically  to 
represent  the  formation  at  the  type  locality. 
The  evidence  just  presented  indicates  that  at 
the  type  locality  the  entire  Redwall  as  here 
restricted  is  of  lower  Mississippian  age,  although 
it  is  conceivable,  but  highly  improbable,  as 
Girty  states,  that  the  beds  at  the  top  of  the 
formation  in  which  I  found  fossils  may  be  upper 
Mississippian. 

No  evidence  has  been  found  which  indicates 
that  any  part  of  the  Redwall  as  here  recognized 
in  the  Kaibab  division  of  the  Grand  Canyon  is 
younger  than  Mississippian. 

Ransome,^^  who  has  examined  the  Redwall 
in  the  Jerome  region,  where  he  collected  fossils 
in  it  that  Girty  identified  as  lower  Mississip- 
pian, states:  '^No  evidence  was  obtained  at 
Jerome  to  indicate  that  any  of  the  Redwall 
limestone  is  as  young  as  the  Pennsylvanian.'^ 
In  the  Jerome  region  the  beds  assigned  to  the 
Redwall  aggregate  only  250  feet  and  probably 
belong  to  the  lower  part  of  the  formation. 

PROBABLE     UNCONFORMITY     BETWEEN     MISSIS- 
SIPPIAN AND  PENNSYLVANIAN  SERIES. 

The  top  of  the  Redwall  limestone  is  very 
difficult  to  reach,  except  at  places  near  the 
trails  that  descend  the  canyon  wall,  and  I  have 
so  far  been  able  to  examine  it  only  at  the  Bass 
traU,  at  the  trail  which  ascends  the  northern 
wall  of  the  Grand  Canyon  through  Muav 
Canyon,  and  at  the  Hermit,  Bright  Angel,  and 
Hance  (Red  Canyon)  trails.  Viewed  from  a 
distance  it  appears  to  exhibit  no  irregularity 
at  most  places  in  the  Kaibab  di\'ision  of  the 
can  von. 

At  Bass  Canyon  the  contact  between  the 
typical  bluish-gray  limestone  of  the  Redwall 

»«  Darton,  N.  11.,  A  reconnaissance  of  parts  of  northwestern  New 
Mexico  and  northern  Arizona:  U.  S.  (Jeol.  Survey  BuU.  435,  p.  21,  1910. 

^  Ransome,  F,  L.,  Some  Paleozoic  JHsetions  in  Arizona  and  their 
correlation:  U.  S.  (ieol.  Survey  Prof.  Paper  9S,  p.  162,  1916. 
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i\x\\\  ilu*  nul  shnle  at  the  base  of  the  overlying 
Supni  appoars  to  bo  remarkably  even,  and  the 
oiilv  oviiioiico  of  a  stratigraphic  break  is  the 
nl^rupt  change  fr«>m  limestone  to  shale.  How- 
ovor.  aotual  exposures  of  ihe  contact  are  not 
lo  bo  found,  owing  to  the  softness  of  the  shale, 
which  makes  a  slope  at  this  horizon  that  is 
ontin»lv  concealed  bv  talus. 

At  Muav  Can  von  the  surface  of  the  Redwtdl 
is  uneven,  but  iho  KhIs  are  shattered  along  the 
axis  of  a  fauhoti  I'cxure.  so  that  it  is  uncertain 
whether  the  unevenness  is  due  to  shattering  or 
to  ort'si^T.. 

At  :V.o  Htmiit.  Bright  Angel  (Cameron),  and 
Hano*  :rs.l>  :ho  appearance  of  the  top  of  ihe 
Ki\i«  .s".".  >-.:i:^*si>  that  it  was  exposed  to  erosion 
S:/-7i'  ::'.o  i^vorlying  Supai  beds  were  de- 
:y:^  :«Ni   as  I  shall  show. 

\c\sr  :ho  Ilormit  trail,  just  south  of  the 
:v^::*.:  \\hor\*  the  trail  descends  the  Redwall, 
:;•,.'  ::p:vr  surface  of  the  Redwall  limestone  is 
.iiVKioiilv  uneven,  and  in  places  jagged  knolls 
v»:*  ::;o  liniosiono  project  25  feet  or  more  above 
:>.o  irouoral  level  of  the  surface.  At  this 
IxvaUiv  the  basal  deposit  of  the  Supai  is  a 
Inisrhi  ivildish  or  purplisli  sandy  shale.  Some 
prti'ts  of  the  shale  exhibit  no  bedded  structure 
whaiovor;  other  parts  exhibit  gnarly,  irregular 
Ivdiliiig  and  are  more  or  less  concretionary, 
whoroiu*  still  other  parts  are  evenly  and  thinly 
hoddod.  Tliin  lenses  of  conglomerate  occur  at 
some  horizons  m  the  shale.  The  pebbles  in  the 
congloiuorate  are  well  r*  unded  and  arc  coated 
witli  bhick  ''desert  vimish.''  Most  of  them 
«n*  composed  of  chert,  derived,  apparently, 
fi-oiii  the  underlying  limestone.  The  shale 
viiri(»s  considerably  in  thickness  from  place  to 
phice.  Above  the  tops  of  the  higher  limestone 
knolls  the  thickness  may  not  exceed  45  feet, 
hilt  between  the  knolls,  where  the  deposit  ap- 
p(Mirs  to  fill  depressions,  the  thickness  may 
i»xceed  70  feet.  The  deposit  becomes  more 
evenly  bedded  toward  the  top,  and  the  upper 
21  feet  consists  of  thinly  laminated  soft  red- 
dish shale.  Above  this  shale  are  alternating 
l)(»ds  of  red  sandy  shale,  purplish  and  gray  lime- 
stone containing  red  chert,  and  reddish  to  buff 
calcareous  sandstone.  The  thickness  of  these 
alternating  beds  is  132  feet.  The  section  just 
described,  202  feet  in  total  thickness,  is  shown 
diagrammatically  on  Plate  XIX.  The  beds 
are  undoubtedly  equivalent  to  subdivision  C 
of  the  Supai  at  the  Bass  trail.      (See  p.  61.) 


The  upper  surface  of  the  Redwall  limestone  is 
infiltrated  with  red  mud,  and  the  overlying 
irregularly  bedded,  more  or  less  structureless 
red  shale  appears  to  represent  just  such  a  de- 
posit of  red  clay  as  one  would  expect  to  findL 
above  a  weathered  limestone  surface.     It  i^ 
possible  that  the  roughness  of  the  top  of  th 
Redwidl  is  due  to  shattering  of  the  beds  in  thi 
locality,  l)ecause  the  formation  has  slumped  in 
landslide  at  the  point  where  the  trail  descend 
it.     For  this  reason  the  evidence  just  presents 
should   ho   regarded   as   inconclusive.     Never 
theless  the  lithologic  change  from  the  massiv 
limestone  of  the  Redwall  to  the  structurele 
red  deposit  above  it  is  so  sharp  that  it  indicat 
a  stratigraphic  break  at  this  horizon,  and  th 
variation  in  thickness  of  the  red  shale  is  als 
suggestive.     The  bed  is  72  feet  thick  at  th 
Hermit  trail,  whereas  the  shale  at  the  co 
sponding  horizon  in  Bass  Canyon  is  not  over  1 
feet  thick.     (See  p.  31;  also  PL  XIX.) 

At   the   Bright  Angel   (Cameron)    trail   th. 
suimnit  of  the  Redwall  is  irregular,  but  he 
also  the  evidence  is  inconclusive,  because  tbi. 
Redwall  is  shattered  by  a  fault  in  the  vicinifc 
of  the  trail. 

At  Red  Canyon  the  sunmiit  of  the  Redwi 
is   well    exposed    near    the   4,9o5-foot   bene 
mark,   where   the   Hance   trail   descends   th 
Redwall  on  the  east  side  of  the  canyon, 
locality  is  some  distance  east  of  a  fault  tha 
coincides  with  the  axis  of  Red  Canyon,  so  thai 
the  beds  here  have  not  been  disturbed  by  th 
fault.     Near  the  bench  mark  the  surface  of  the 
Redwall  is  wavy,  and  the  limestone  is  more  o: 
less   infiltrated   with   red   mud,   but  the  best 
evidence  of  a  stratigraphic  break  at  the  top  of 
the  limestone  is  found  in  the  lithologic  chaiv 
acter  of  the  overlying  Supai  beds.     The  Supai 
begins  abruptly  with  a  bed  of  conglomerate^ 
which  exhibits  great  variations  in  thickness* 
At  one  place  it  is  20  feet  thick,  at  many  places 
5  to  10  feet  thick,  and  at  some  places  entirely 
absent.     The  conglomerate  contains  both  angu- 
lar and  rounded  pebbles  of  chert  and  limi 
stone,  derived,  apparently,  from  the  under! 
Redwall.     The  pebbles  range  in  diameter  fro: 
a  fraction  of  an  inch  to  G  inches  but  av 
about    half    an    inch.     The    conglomerate 
gravelly    and    contains    very    little 
Where  present  the  matrix  consists  of  red  sani 
clay.     Where  the  conglomerate  is  thickest    it> 
appears  to  iill  shallow  depressions  in  the  Bad-^ 
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wall.     Above  the  conglomerate  is  100  feet  of 

red  friable  sandy  shale  that  is  more  or  less 

calcareous  and  in  places  exhibits  concretionary 

structure,  and  above  the  shale  are  alternating 

beds  of  shale,  limestone  containing  red  chert, 

and  calcareous  sandstone,  some  of  which  is 

cross-bedded.      The  conglomerate,    red  shale, 

find  overlying  alternating  beds  just  described 

are  undoubtedly  equivalent  to  subdivision  C 

of  the  Supai  as  exposed  at  the  Hermit  and 

IBass  trails. 

Walcott,^®  in  describing  the  upper  part  of  the 
IRedwall  at  Kanab  Creek,  states: 

Toward  the  close  of  the  700  feet  of  limestone  and  its 
Intercalated  cherty  bands  eWdences  of  an  approaching 
<:hange  occur.  The  horizontal  bedding  is  broken  by 
£;radually  increasing  curves  of  depression  and  elevation 
of  the  previously  level  surface.  The  limestone  becomes 
xiore  and  more  interstratified  with  white  chert,  weathering 
'black.  Arenaceous  layers  of  a  detrital  origin  come  in ,  with 
pink  chert  and  chalcedony  replacing  the  white  chert  of 
the  beds  beneath. 

Massive  layers  of  brecciated  chert  in  a  quartzitic  matrix 
<lenote  the  increasing  change  of  conditions,  and  soon  the 
sandstone  epoch  of  the  Lower  Aubrey  group  opens.  The 
transition  beds  (a)  have  filled  the  hollows  and  leveled  off 
the  uneven  surface  of  the  limestone  beneath,  and,  255  feet 
above,  the  great  sandstone  group  begins  with  a  massive 
cmRs-bedded  sandstone  stratum  (e),  50  feet  in  thickness. 

The  transition  beds  to  which  Walcott  refers 
are  the  beds  that  constitute  subdivision  a  of 
his  Redwall  at  Kanab  Creek  (see  PL  XIX), 
which  is  now  transferred  to  the  Supai  (see  p. 
62).  Therefore  the  uneven  surface  which  he 
describes  actually  lies  at  the  top  of  the  Redwall 
limestone  as  here  restricted,  and  the  horizon 
occupied  by  the  uneven  surface  is  equivalent  to 
that  at  the  Hermit,  Bright  Angel  (Cameron), 
and  Hance  trails  which  I  have  just  described. 

Schuchert,^^  who  has  examined  the  Redwall- 
Supai  contact  on  the  Hermit  trail,  writes: 

The  contact  may  be  studied  just  beneath  the  signpost 
"Cathedral  Stairs*'  that  stands  on  Supai  strata.  It  is  of 
the  diflconformable  t>'pe,  and  the  Redwall  is  more  or  less 
eroded.  Where  the  contact  wsls  studied  this  limestone- 
dolomite  series  terminates  in  thin-bedded  deposits,  with 
the  beds  varying  in  thickness  from  12  to  20  inches.  The 
Supai  begins  at  once  with  its  characteristic  sandy  and 
rain-pitted  shales  and  muddy  sandstones.  This  discon- 
formity  has  far  greater  significance  than  the  physical  phe- 
nomena as  seen  on  the  Hermit  trail  would  seem  to  indicate, 

"  Walcott,  C.  D.,  unpublished  notes, 
w  Schuchert,  Charles,  op.  cit.,  p.  358. 


for  the  fossils  of  the  Redwall  are  here  all  of  early  MiasisBip- 
pian  age.  Nothing  of  later  Mississippian  time  is  present, 
and  the  land  interval  preceding  Supai  deposition  was  cer- 
tainly longer  than  all  of  Redwall  time. 

Ransome  **  reports  that  8  miles  north  of 
Jerome  what  he  regards  as  the  base  of  the 
Supai  is  a  limestone  conglomerate  2  to  3  feet 
thick  in  which  the  pebbles  are  generally  less 
than  2  inches  in  diameter.  He  states  that 
layers  of  a  similar  conglomerate  also  occur  a 
httle  higher  in  the  formation. 

In  brief,  although  the  evidence  just  pre- 
sented is  inconclusive,  it  establishes  a  strong 
probability  that  the  upper  limit  of  the  Redwall 
is  an  unconformity  of  erosion. 

PENNSYLVANIAN    AND   PERMIAN  (?)   ROCKS. 
SUPAI  FORMATION  (REDEFHTBD). 

Definition, — As  originally  defined  by  Dar- 
ton  ^®  the  name  Supai  formation  was  applied  to 
about  800  feet  of  red  sandstones  and  shales,  the 
latter  in  part  sandy,  underlying  the  Coconino 
sandstone,  overlying  the  Redwall  limestone, 
and  composing  the  lower  part  of  the  Aubrey 
group  in  northern  Arizona.  Darton's  Redwall 
limestone,  like  Gilbert's  and  Walcott's  Red- 
wall,  included  rocks  of  Mississippian  and  Penn- 
sylvanian  age.  In  this  report  the  Supai  for- 
mation is  redefined  by  cutting  oflF  at  the  top 
about  300  feet  of  deep  brick-red  sandy  shale 
and  fine-grained  friable  sandstone  of  Permian 
age,  to  which  the  new  name  Hermit  shale  is 
herein  applied,  and  by  adding  at  the  bottom 
about  250  feet  of  red  sandy  shale,  purplish  and 
gray  limestone  with  red  chert,  and  reddish  to 
buff  calcareous  sandstone  of  Pennsylvanian  age 
that  have  heretofore  been  included  in  the  Red- 
wall  limestone.  This  redefinition  of  the  Supai 
formation  has  been  adopted  by  the  United 
States  Geological  Survey.  As  thus  defined  the 
Supai  formation  is  of  Pennsylvanian  and  Per- 
mian ( ?)  age  and  rests  with  probable  imcon- 
formity  on  the  underlying  Mississippian  Red- 
wall  limestone.  The  accompanying  table 
shows  the  different  classifications  of  the  Car- 
boniferous rocks  of  the  Grand  Canyon. 

»«  Ransome,  F.  L.,  op.  cit.,  p.  r".2. 

»  Darton,  N.  H.,  A  reconnaissance  ol  parts  of  northwestfim  New 
Mexico  and  northern  Arizona:  U.  S.  Geol.  8ur\'ey  Bull.  435,  pp.  25-27, 

1910. 
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Classifications  of  the  Carboniferous  rocks  of  the  Grand  Canyon. 


O.K.  Gilbert.  H7o 


C.D.Walcott,lsNn. 


(U.  S.   Geog.  and"  Gool.  Surveys  'w.   100th    Mer.  '  ^''^.S\Jr^[:^,^%V 
Ropt.,  vol.  3,  pp.  161-lsti,  fig.  .S2.)  ^"J^  fll'l-m]' 


Aubrey  group. 


(liertv  limestone,  200- 
820'feet. 


('ra<^-l>eclcU'd  and  olhor 
sandstones.  S(K>-1,000 
feet. 


Red  and  white  shal«»s 
and  sandstones,  SOO 
feet. 


Alternating;  sandstones 
and  compact  lime- 
stones, 200-500  feet. 


'  Red  wall         limestone, 
Redwall     lime-  ,      sheer  escarpment,  SOO 
stone  frroup.  feet. 


Limestones  in  lesser  es- 
car|>nienta  and  cal- 
careous shales,  800- 
1,365  feet. 


Upper  Aubrey. 


N.H.Dartori,191U. 

(U.S.Geol.  Survey 

Bull.4;j.i.) 


lx)wer  Aubrev. 


Kaibab     lime- 
stone. 


Coconino  sand- 
stone. 


L.  F.  Noble,  1922. 
(Thi5  report.) 


Kaibab  limestone. 


Toc^onino  sandstone. 


Supai   forma- 
tion. 


Hermit  shale. 
I -Unconformity 


Age. 


Permian, 


Redwall   lime- 
stone. 


I  Supai  formation  (re 
i      defined). 


i-Unconfonnitv  ( ?V- 


Redwall   lime- 
stone. 


Redwall  limestone 
(restricted  to  Mis- 
sissippian  lime- 
stones). 


Permian  (?)  and 
Pennsylva- 
nian. 


Miasiasippian. 


Character  of  beds. — The  Supai  formation  as 
here  redefined  consists  chiefly  of  sandstone  but 
includes  many  beds  of  sandy  shale  and  a  few 
beds  of  limestone.  Much  of  the  sandstone  is  in 
thick,  massive  beds  that  make  strong  cliffs. 
The  shales  and  beds  of  laminated  sandstone 
make  slopes.  As  seen  from  a  distance,  the  dis- 
tinctivie  features  of  the  formation  are  its  pre- 
vailingly red  color  and  its  steplike  profile,  which 
consists  of  a  succession  of  cliffs  and  slopes 
carved  from  the  alternating  hard  and  soft  beds. 
Close  inspection  shows  that  the  red  color  of  the 
formation  is  derived  from  the  shales.  The 
outcrops  of  the  sandstones  are  stained  reddish 
by  ferritic  pigment  washed  over  them  from  the 
interbedded  shales,  but  the  natural  color  of  the 
sandstones,  as  shown  on  freshly  broken  sur- 
faces, is  buff  or  pinkish  buff. 

The  sandstones  of  the  Supai  are  uniformly 
fine  grained.  Some  of  them  are  regularly 
bedded  and  exhibit  thin,  phity  lamination,  but 
most  of  them  are  conspicuously  cross-bedded, 
and  in  the  thicker  lavors  the  cross-bodded  struc- 
ture  is  on  a  coarse  scale.  In  uniform  fineness 
of  grain  and  in  coarseness  of  cross-bedding  the 
more  massive  layers  resemble   the  Coconino 


sandstone.  Commonly,  however,  their  grains 
are  bound  together  by  calcareous  cement, 
whereas  the  binding  material  in  the  Coconino  is 
siliceous.  Curiously,  the  prevailing  dip  of  the 
inclined  laminae  in  the  cross-bedded  sandstones 
of  the  Supai  is  south,  just  as  it  is  in  the  Coco- 
nino. Most  of  the  shale  in  the  Supai  resembles 
that  of  the  overlying  Hermit  shale  and  is 
essentiallv  a  red  sandv  mud.  Some  beds  ex- 
hibit  sun  cracks  and  ripple  marks,  but  these 
features  are  not  conspicuous  at  the  Bass  trail. 
Two  types  of  limestone  occur  in  the  Supai. 
One  type,  which  is  clearly  of  detrital  origin, 
consists  of  grains  of  calcareous  sand,  exhibits 
faint  cross-bedded  structure  on  weathered  sur- 
faces, and  in  places  passes  into  cross-bedded 
sandstone.  Some  beds  of  this  type  are  crystal- 
line, and  others  granular;  most  of  them  are 
pinkish  buff.  The  other  type  of  limestone  is 
bluish  or  purplish  gray,  massive,  and  crystal- 
line and  contains  nodules  of  red  chert.  Beds 
of  this  type  occur  only  in  the  lower  third  of  the 
Supai.  Many  of  them  resemble  the  limestone 
in  the  underlvin^:  Redwall. 

Subdhisions. — At  Bass  Canyon  I  have  divided 
the  Supai  into  three  members,  which  in  lithol- 
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ogy  and  in  topographic  expression  are  suffi- 
ciently constant  to  be  recognizable  throughout 
the  Kaibab  division  of  the  Grand  Canyon. 
These  members  I  have  designated  subdivisions 
A,  B,  and  C. 

Near  the  top  and  just  below  the  middle  of  the 
Supai  the  cross-bedded  sandstones  are  excep- 
tionally thick  and  massive  and  make  strong, 
conspicuous  cliffs.  Between  these  two  sets  of 
cliffs  and  below  them  the  strata  make  steep 
ledgy  slopes.  The  strata  that  make  the  upper 
set  of  cliffs  constitute  subdivision  A;  those  that 
make  the  lower  set  of  cliffs  and  the  ledgy  slope 
above  the  cliffs  constitute  subdivision  B;  and 
those  that  make  tlie  slope  at  the  base  of  the 
Supai  constitute  subdivision  C. 

Subdivision  A  consists  chiefly  of  sandstone 
but  includes  a  few  beds  of  sandy  shale;  sub- 
division B  consists  chiefly  of  sandstone  but 
includes  beds  of  sandy  shale  and  a  few  beds  of 
limestone;  and  subdivision  C  consists  of  sand- 
stone, shale,  and  limestone  in  about  equal 
proportions.  Broadly,  therefore,  although  the 
Supai  consists  chiefly  of  sandstone,  it  exhibits 
a  passage  upward  from  shale  and  limestone  to 
sandstone. 

Subdivisions  A  and  B  rest  on  slightly  wavy 
surfaces  at  Bass  Canyon.  However,  similar 
wavy  surfaces  occur  at  other  horizons  in  the 
Supai  (see  sections  of  subdivisions  B  and  C, 
pp.  29-31),  and  some  of  these  surfaces  are  more 
irregular  than  those  at  the  base  of  subdi- 
visions A  and  B.  Without  further  study  it  is 
impossible  to  determine  whether  any  of  them 
have  widespread  stratigraphic  significance. 

The  order,  character,  and  thickness  of  the 
strata  that  constitute  the  three  subdivisions 
just  outlined  are  described  in  the  section  of  the 
Supai  given  on  pages  29-31',  and  the  topo- 
graphic profile  of  the  beds  is  shown  in  the 
columnar  section,  Plate  XIX. 

Subdivision  C,  at  the  base  of  the  Supai,  208 
feet  thick,  begins  at  the  bottom  with  alter- 
nating beds  of  red  sandy  shale  and  bluish-gray 
limestone  carrying  nodules  of  red  chert,  and 
the  shales  and  limestones  pass  upward  into 
alternating  beds  of  red  shale,  bluish-gray 
limestone,  and  reddish  to  buff  calcareous  sand- 
stone, a  part  of  which  is  cross-bedded.  The 
limestones  and  harder  sandstones  form  small 
cliffs,  and  the  shales  and  softer  sandstones 
form  slopes.  Outcrops  of  many  softer  beds 
are  concealed  by  talus.     The  contact  between 
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this  subdivision  and  the  underlying  Redwall 
limestone  is  described  on  pages  57-59,  where 
I  have  presented  evidence  indicating  that  it  is 
a  plane  of  unconformity  by  erosion. 

Subdivision  B,  the  middle  member  of  the 
Supai,  439  feet  thick,  begins  at  the  base  with 
heavy,  cliff-making  beds  of  buff  cross-bedded 
sandstone,  200  feet  in  aggr^ate  thickness, 
which  are  separated  by  thin  layers  of  limestone 
or  red  shale.  These  massive  sandstones  pass 
upward  into  alternating  beds  of  red  friable 
shaly  sandstone  and  cross-bedded  calcareous 
sandstone  that  contain  thin  interbedded  layers 
of  limestone  and,  66  feet  below  the  top  of  the 
subdivision,  a  prominent  bed  of  limestone 
conglomerate  28  feet  thick.  This  conglome- 
rate (see  p.  30),  which  occurs  in  highly  lentic- 
ular layers  and  consists  chiefly  of  rounded  peb- 
bles of  limestone  embedded  in  a  matrix  of  red 
sandy  mud,  appears  to  be  continuously  trace- 
able not  only  through  the  Kaibab  division  of  the 
canyon  but  far  beyond.  I  have  noted  it  on  the 
Bright  Angel  (Cameron)  and  Tanner  trails, 
respectively  18  and  32  miles  southeast  of  Bass 
Canyon,  and  in  the  Aubrey  CUff,  near  Seligman, 
70  miles  southwest  of  Bass  Canyon.  At  all 
these  localities  the  conglomerate  occupies 
approximately  the  same  horizon  in  the  Supai 
that  it  does  at  Bass  Canyon.  At  the  Bass  trail 
and  the  Bright  Angel  trail  it  rests  on  an  uneven 
surface  which  exhibits  vertical  irr^ularities 
of  several  feet  within  horizontal  distances  of 
100  feet.  It  is  conceivable  that  the  conglom- 
erate marks  a  stratigraphic  break  in  the  Supai 
that  is  more  significant  than  the  contact  be- 
tween subdivisions  A  and  B. 

Near  Pine,  in  the  Jerome  region,  Ransome  ^ 
has  noted  a  bed  of  limestone  conglomerate  in 
what  he  regards  as  the  Supai  at  a  horizon 
about  450  feet  above  the  base  of  the  formation. 
The  conglomerate  is  12  feet  thick  and  overlies 
a  seam  of  impure  lignite. 

Subdivision  A,  at  the  top  of  the  Supai,  306 
feet  thick,  begins  at  the  base  with  massive  beds 
of  pinkish,  purplish,  or  buff  cross-bedded  sand- 
stone which  form  a  set  of  cliffs  nearly  200  feet 
in  height.  Above  these  sandstones  are  alter- 
nating beds  of  soft  red  platy  sandstone  and 
hard  buff  cross-bedded  sandstone  which  form 
a  series  of  cliffs  and  slopes. 

At  the  top  of  subdivision  A  is  a  broad  red 
platform  known  as  the  Esplanade,  which  begins 

«  Ransome,  F.  L.,  op.  cit.,  p.  160. 
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at  Bass  Canyon  and  extends  far  westward  in 
the  interior  of  the  Grand  Canyon.  I  have 
described  this  platform  in  a  previous  report  ** 
and  have  shown  that,  like  every  other  ledge 
in  the  canyon  wall,  it  is  a  structural  bench 
determined  by  the  hardness  of  the  beds  that 
underlie  it  and  the  softness  of  the  beds  that 
overlie  it,  and  that  it  does  not  necessarily,  as 
Dutton  supposed,"  represent  a  temporary  base- 
level  of  erosion  produced  by  a  pause  in  the 
uplift  of  the  region  during  the  cutting  of  the 
Grand  Canyon.  West  of  Bass  Canyon  the 
Esplanade  is  so  broad  that  it  is  by  far  the  most 
striking  feature  in  the  canyon  landscape. 
East  of  Bass  Canyon  it  shrinks  to  a  narrow 
ledge  and  is  inconspicuous  as  a  topographic 
feature  but  is  nevertheless  traceable  contin- 
uously through  the  Kaibab  division.  Inas- 
much as  this  bench  is  cut  on  the  summit  beds 
of  the  Supai  it  constitutes  a  landmark  that 
enables  the  observer  everywhere  to  distinguish 
the  Supai  formation  from  the  overlying  Hermit 
shale.  In  the  region  between  Bass  Canyon  and 
the  Hermit  trail  it  marks  a  conspicuous  uncon- 
formity between  the  Supai  formation  and  the 
Hermit  shale.     (See  pp.  63-64.) 

Fossils, — No  determinable  fossils  have  been 
found  in  the  Supai  formation  in  the  Kaibab 
division  of  the  Grand  Canyon.  The  available 
evidence  concerning  its  age  may  be  summed 
up  as  follows: 

Subdivision  a  of  Walcott's  Redwall  at  Kanab. 
Creek  (see  PL  XIX),  "arenaceous  beds  with 
pink  chert  passing  down  into  shaly  limestone, 
brecciated  arenaceous  cherty  beds,  and  gray 
limestone  with  red  chert,"  not  only  corresponds 
closely  with  subdivision  C  of  the  Supai  as  I 
have  defined  the  formation  at  Bass  Canyon 
but  is  overlain  at  Kanab  Creek  by  massive 
cross-bedded  sandstone  (subdivision  e  of  Wal- 
cott's  "Lower  Aubrey  group")  that  corre- 
sponds to  the  massive  sandstone  at  the  base 
of  subdivision  B  of  the  Supai  at  Bass  Canyon 
and  is  imderlain  at  Kanab  Creek  by  massive 
limestone  which  is  obviously  equivalent  to  the 
upper  part  of  the  Redwall  as  defined  at  Bass 
Canyon.  Therefore  there  can  be  no  reason- 
able doubt  that  subdivision  a  of  Walcott's 
Redwall  is  subdivision  C  of  the  Supai  as  here 

fl  Noble,  L.  F.,  U.  8.  Ocol.  Survey  Hull.  549,  pp.  21,  73-75,  1914. 
«  I>utton,  C.  B.,  Tertiary  history  of  the  Grand  Canyon  district:  U.  S. 
(ivA.  Survey  Mon.  2,  p.  121,  1kk2. 


redefined.  Subdivision  a  of  Walcott^s  Red- 
wall  is  division  5  of  Gilbert's  Paleozoic  section 
at  Kanab  Creek,  "  purple  and  white  arenaceous 
limestone  with  pink  chert,  in  one  bed  passing 
into  cross-bedded  sandstone.''  Walcott  **  states 
that  although  at  Kanab  Creek  he  obtained  no 
fossils  from  these  beds  nor  from  any  part  of  the  . 
overlying  sandstones,  *  the  beds  elsewhere  have 
given  evidence  of  their  upper  Carboniferous 
age  by  the  presence  of  a  fauna  rich  in  many 
species."  This  fauna  is  the  Pennsylvanian 
fauna  described  by  Meek  and  listed  by  Gilbert,** 
who  says  concerning  it:  ''  The  fauna  of  the  up- 
per portion  [of  the  Redwall]  is  rich  in  sp^ies 
and,  while  differing  from  that  of  the  Aubrey 
limestone,  is  equally  referable  to  the  Coal  Meas- 
ures." By  the  '*  upper  portion  of  the  Redwall'' 
Gilbert  means  not  the  upper  portion  of  the 
Redwall  as  the  formation  is  here  restricted, 
but  the  beds  that  constitute  division  5  of  his 
section  at  Kanab  Creek**  and  division  4  of  his 
section  at  the  mouth  of  the  Grand  Canyon,**  • 
which  are  equivalent  to  the  lower  part  of  the 
Supai  as  here  defined.  Recently  Longwell*^ 
has  found  Pennsylvanian  fossils  in  the  Grand 
Wash  Cliffs  north  of  the  mouth  of  the  Grand 
Canyon  **  near  the  top  of  beds  which  apparently 
correspond  to  Noble's  basal  Supai  in  the  Grand 
Canyon." 

The  evidence  just  presented  indicates  that 
subdivision  C,  at  least,  of  the  Supai  is  of 
Pennsylvanian  age.  The  Supai  is  overlain  by 
the  Hermit  shale,  which  contains  Permianf  ossils, 
and  the  two  formations  are  separated  by  an 
unconformity  of  erosion,  but  inasmuch  as  no 
determinable  fossils  have  been  foimd  in  sub- 
divisions A  and  B  of  the  Supai  there  is  no 
conclusive  evidence  that  the  unconformity 
separates  Pennsylvanian  and  Permian  beds. 
Therefore  the  Pennsylvanian-Permian  contact 
may  he  at  any  horizon  in  the  Supai  between 
the  sunmiit  of  the  formation  and  the  base  of 
subdivision  B.  However,  no  stratigraphic 
break  as  great  as  the  unconformity  at  the  base 
of  the  Hermit  shale  appears  to  occur  within 
the  Supai  itself,  so  I  am  inclined  to  regard  the 
entire  Supai  as  probably  of  Pennsylvanian  age. 

«  Walcott,  C.  D.,  unpublished  notes. 

**  GUbert,  0.  K.,  U.  S.  Geog.  and  Geol.  Surveys  W.  100th  Mer.  Rept., 
vol.  3,  pt.  1;  p.  17K,  1S75. 

"  Idem,  p.  162. 

«<  Longwell,  C.  R.,  Geology  of  the  Muddy  Mountains,  Nov.,  with  a 
section  to  the  Grand  Wash  Clitls  in  western  Arizona:  Am.  Joar.  Scl., 
4th  ser.,  vol.  50,  p.  47,  1921. 


PALEOZOIC  FORMATIONS   OF  THE  GBAND  CANYON. 


63 


Robinson  ♦^  has  reported  Peimsylvanian  fos- 
sils from  the  Redwall  limestone  at  Elden 
Mountain,  near  Flagstaff.  He  states  that  at 
this  locality  'Hhe  limestone  becomes  thinner 
bedded  than  usual  and  gives  way  to  red  calca- 
reous shale  and  sandstone.  The  limestone 
immediately  overl^dng  these  beds  contains 
many  fragments  of  shale  and  includes  at  one 
point  a  patch  of  conglomerate/'  The  fossils 
determined  as  Pennsylvanian  came  ''from  the 
uppermost  strata"  at  this  locality.  In  my 
opinion,  Robinson's  description  of  the  beds 
indicates  that  they  are  equivalent  to  strata 
exposed  in  the  basal  part  of  the  Supai  in  the 
Grand  Canyon,  and  not  to  any  part  of  the 
Redwall  limestone  as  here  restricted. 

Lee  ^*  has  also  reported  a  Pennsylvanian 
fauna  from  the  top  of  the  Redwall  limestone 
in  Truxton  Canyon,  near  Yampai.  The  fossils 
are  stated  to  have  been  obtained  ''near  the 
top  of  the  exposed  section.''  Probably  the 
limestone  beds  in  which  Lee  found  the  Penn- 
sylvanian fossils  are  also  correlatives  of  lime- 
stones that  lie  in  the  basal  part  of  the  Supai  at 
Bass  Canyon. 

UNCONFORMTrY    BETWEEN    SUPAI    AND    HERMIT 

FORMATIONS. 

In  Hermit  Basin,  12  miles  southeast  of  Bass 
Canyon,  a  strong  unconformity  of  erosion  sepa- 
rates the  Supai  formation  as  here  redefined 
from  the  overlying  red  sandy  shale  here  named 
the  Hermit  shale.  The  unconformity  is  beau- 
tifuUy  exposed  on  the  Hermit  trail  just  under  a 
signpost  marked  "  Red  Top."  (See  PL  XXIH, 
B.)  At  this  locality  the  top  of  subdivision  A 
of  the  Supai  consists  of  alternating  beds  of 
hard  pinkish  or  buff  cross-bedded  sandstone 
and  friable  red  platy  sandstone.  These  beds 
make  a  succession  of  small  cliffs  and  ledges  just 
under  the  bench  that  forms  the  floor  of  Hermit 
Basin  and  locally  represents  the  Esplanade 
platform.  Just  under  the  "Red  Top"  sign  a 
sharp  hollow  40  feet  deep  in  these  Supai  beds 
is  filled  with  the  soft  red  sandy  layers  that  con- 
stitute the  Hermit  shale.  The  soft  Hermit 
shale  in  the  hollow  determines  a  break  in  the 
small  cliffs  at  the  top  of  the  Supai,  and  the  trail 
takes  advantage  of  this  break  to  descend  the 

«  Robinson,  H.  H.,  The  San  Franciscan  volcanic  field,  Ariz.:  U.  S. 
Oeol.  Survey  Prof.  Paper  76,  pp.  21-22, 1913. 

♦^  Lee,  W.  T.,  (Jeologic  rcconnaisance  of  a  part  of  western  Arizona: 
U.  S.  Geol.  Sur\'ey  Pull.  3:)2,  p.  1",  190S. 


cliffs  to  a  ledge  on  the  summit  of  the  massive 
sandstone  that  forms  the  main  cliff  of  subdivi- 
sion A.  When  the  observer  has  examined  the 
unconformity  in  the  fine  exposure  under  Red 
Top  he  will  have  no  difficulty  in  following  it 
with  his  eye  all  around  the  rim  of  the  canyon  of 
Hermit  Creek,  where  it  is  in  plain  sight  for  sev- 
eral miles.  The  unconformity  marks  the  change 
from  the  highest  cliff-making  strata  in  the  Supai 
to  the  softer,  shaly  beds  that  overlie  them. 
It  is  difficult  to  recognize  the  unconformity  at 
first  sight  because  the  beds  above  and  below  it 
are  stained  the  same  color,  a  deep  brick-red. 
Many  fine  exposures  of  the  unconformity  may, 
however,  be  studied  by  following  the  trail  that 
leads  westward  along  the  general  level  of  the 
Esplanade  from  Red  Top  to  Dripping  Spring. 
The  sketch  in  figure  4,  a,  and  the  photograph 
reproduced  in  Plate  XXIV,  A,  show  an  expos- 
lU'e  of  the  unconformity  on  this  trail  at  a  point 
about  a  quarter  of  a  mile  west  of  Red  Top. 
As  seen  in  the  canyon  of  Hermit  Creek  the  un- 
conformity is  comparable  in  irregularity  to  the 
imconformity  at  the  top  of  the  Tonto  (see  pp. 
49-51), which, indeed, it  strongly  resembles,  the 
eroded  surface  exhibiting  in  places  irregulari- 
ties of  50  feet  or  more. 

I  discovered  the  unconformity  in  1916  at  the 
end  of  a  field  trip  when  I  came  out  of  the  canyon 
over  the  Hermit  trail,  and  I  furnished  Prof. 
Schuchert  with  a  sketch  of  it  which  he  pub- 
lished in  his  paper  on  the  Carboniferous  forma- 
tions of  the  Grand  Canyon  in  1918.*'  However, 
until  1920  I  had  no  opportunity  to  examine  the 
horizon  of  the  unconformity  at  other  localities, 
to  learn  something  of  its  extent,  but  in  the  fall 
of  that  year  I  was  able  to  examine  it  at  sev- 
eral points  in  the  south  wall  of  the  Grand  Can- 
yon northwest  and  southeast  of  Hermit  Creek. 
Northwest  of  Hermit  Creek  the  unconformity 
is  traceable  at  least  1 1  miles,  being  plainly  rec- 
ognizable from  the  rim  of  the  Grand  Canyon  in 
the  walls  of  Ruby  Canyon,  2  miles  southeast  of 
Bass  Canyon.  Figure  4,  b,  shows  it  just  under 
Havasupai  Point,  the  end  of  the  promontory 
that  forms  the  west  wall  of  the  Ruby  Canyon. 
The  sketch  was  drawn  from  the  Grand  Scenic 
Divide,  a  spur  of  the  Esplanade  a  mile  west  of 
Havasupai  Point,  and  may  be  incorrect  in  de- 
tail, for  I  could  not  reach  and  examine  the 
locality  shown  by  the  sketch.     At  Bass  Canyon 

*»  Schuchert,  Cha  les,  op.  cit.,  p.  356. 
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I  could  not  detect  the  unconformity,  but  the 
beds  at  its  horizon  are  poorly  exposed  at  that 
locality. 

At  the  Bright  Angel  (Cameron)  trail,  5  miles 
southeast  of  Hermit  Creek,  the  unconformity 
can  be  detected  by  very  careful  inspection,  but 
the  eroded  surface  exhibits  so  little  relief  that 
it  would  probably  be  unrecognizable  to  one 
who  had  not  first  examined  it  at  the  Hermit 
trail.  At  Tanner  Canyon,  20  miles  southeast 
of  the  Hermit  trail,  I  could  not  detect  it.  In 
that  region  the  Hermit  shale  is  readily  distin- 
guishable from  the  underlying  Supai  formation 
both  topographically  and  lithologicaUy,  but 
the  contact  with  the  Supai  is  so  even  that  if  it 
represents  an  unconformity  of  erosion  the 
eroded  surface  is  practically  level. 


PERMIAN   SERIES. 
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Figure  4.— DlAgrammatic  sketx^es  showing  character  of  imconformity  between  Uormlt 
shqie  and  Supai  fonnation  in  Grand  Canyon,  Ariz,  a,  On  trail  between  Red  Top  and 
Dripping  Spring,  Bright  Angei  quadrangle;  b,  under  Havasupai  ]'oint,Shlnumo quad- 
rangle. 

In  brief,  although  the  Supai  formation  is 
separated  from  the  overlying  Hermit  shale  by 
an  unconformity  of  erosion  which  is  contin- 
uously traceable  for  at  least  15  miles  in  the 
Kaibab  division,  study  of  a  wider  area  than  I 
have  covered  will  bo  necessary  before  it  can 
be  stated  confidently  that  the  unconformity  is 
a  widespread  feature  in  the  Grand  Canyon 
district. 

In  the  area  which  I  have  covered  the  un- 
conformity coincides  with  the  general  level  of 
the  Esplanade.  If  this  association  is  signifi- 
cant, the  unconformity  may  extend  over  a 
very  wide  area,  for  the  Esplanade  extends 
many  miles  west  of  the  Kaibab  division  in  the 
Grand  Canyon. 


Definition. — At  Hermit  Basin  above  the  un- 
conformity just  described  there  is  a  series  of 
deep  brick-red  sandy  shales  and  fine-grained 
friable  sandstones  whose  thickness  is  317  feet 
measured  from  the  base  of  the  deepest  depres- 
sion and  2G7  feet  measured  from  the  summit 
of  the  highest  knoll  in  the  unconformity. 
(See  PL  XIX.)  Formerly  these  strata  were 
included  in  the  Supai  formation  and  were  des- 
ignated ''shale  of  the  Supai  formation"  or 
''  Upper  Supai  shale/'  ^  but  because  they  have 
been  found  to  be  separated  from  the  under- 
lying beds  by  an  unconformity,  because  they 
contain  determinable  fossils  of  Permian  age, 

and  because  they  are  constant  in 
lithology  and  are  distinct  from 
the  imderlying  beds  in  topo- 
grapliic  expression  everywhere 
in  the  Kaibab  division,  I  have 
proposed  that  they  be  designated 
the  Hermit  shale,  and  the  name 
has  been  adopted  by  the  United 
States  Geological  Survey.  The 
name  is  taken  from  Hermit  Basin, 
where  the  beds  are  typically  ex- 
posed. The  formation  is  conform- 
ably overlain  by  the  Coconina 
sandstone.  Plate  XXIV,  B,  shows 
an  exposure  of  the  Hermit  shale 
in  Tapeats  Amphitheater,  north- 
west of  Powell  Plateau. 

Character  and  thickness. — At 
Bass  Canyon  the  Hermit  shale  is 
332  foot  tliick.  The  character  and  succession 
of  tho  bods  are  given  in  the  section  on  pages 
28-29  and  their  profile  is  showTi  in  the  columnar 
section,  Plate  XIX.  The  beds  differ  little 
from  one  another  in  composition  and  con- 
sist essentially  of  sandy  mud  colored  red 
by  forritic  pigment.  The  beds  that  I  have 
designated  sandstone  in  the  section  are  massive 
and  relatively  compact  as  contrasted  with  the 
bods  that  I  have  designated  shale,  which  are 
thinly  laminated,  but  tho  distinction  between 
sandstone  and  shale  is  unimportant.  All  the 
strata  are  friable.  Many  beds  exhibit  sun 
(Tacks  and  rain  prints,  and  some  beds  are 
ripplo-markod.     One  bed  (No.  15,  p.  29)  con- 

0  Noble,  L.  F..  op.  clt.,  p.  69. 
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sists  of  intraformational  conglomerate.  Near 
the  top  of  the  formation  many  beds  exhibit 
concretionary  structure.  Lithologically  the 
Hermit  shale  resembles  many  beds  of  sandy 
shale  in  the  Supai,  but  unlike  the  Supai  it 
contains  no  massive  hard  layers  of  cross- 
bedded  sandstone,  and  the  more  sandy  beds  in 
the  Hermit  are  prevailingly  reddish,  not  buflF, 
as  they  are  in  the  Supai.  Thin,  platy  lami- 
nation is  the  most  prominent  structural  charac- 
teristic of  the  Hermit  shale.  Everwhere  the 
formation  makes  a  slope  which  is  in  strong 
topographic  contrast  with  the  sheer  cliflF  of  the 
overlying  Coconino  sandstone  and  with  the 
stepUke  cliffs  and  ledges  of  the  underlying 
Supai. 

Although  the  Hermit  shale  is  constant  in 
Uthology  throughout  the  Kaibab  division  of  the 
Grand  Canyon  its  thickness  varies  considerably. 
In  the  region  about  Tanner  Canyon,  in  the  east- 
em  part  of  the  Kaibab  division,  it  is  less  than 
100  feet  thick  (estimated)  and  may  be  less  than 
75  feet.  At  Bass  Canyon  it  is  332  feet  thick, 
and  west  of  Bass  Canyon,  at  the  west  end  of 
the  Kaibab  division,  more  than  500  feet.  The 
widening  of  the  Esplanade  west  of  Bass  Canyon 
is  caused,  as  I  have  shown,*^^  by  the  increase  in 
thickness  of  the  soft  Hermit  shale,  which 
wastes  back  from  the  floor  of  the  platform,  in 
conjimction  with  a  corresponding  shrinkage  in 
the  overlying  hard  Coconino  sandstone,  which 
defends  the  retreat  of  the  wall  above  the  plat- 
form. Apparently  the  Hermit  shale  continues 
to  increase  in  thickness  at  least  as  far  as  Kanab 
Creek,  for  Walcott's  subdivisions  al,  a2,  and 
a3  of  the  Aubrey  group  at  Kanab  Creek,  which 
I  believe  represent  the  Hermit  shale,  are  775 
feet  in  aggregate  thickness.     (See  PL  XIX.) 

Beds  in  Gilbert's  section  at  the  mouth  of  the 
Grand  Canyon,*^'  which  he  designates  division 
3  and  which  may  represent  the  Hermit  shale, 
are  said  to  be  800  feet  thick  at  that  locaUty. 

In  the  Aubrey  cliff  4  miles  north  of  Selig- 
man  beds  identical  in  lithology  with  the  typi- 
cal Hermit  shale  underlie  the  Coconino  sand- 
stone and  overlie  a  cliff-making  portion  of  the 
Supai  that  corresponds  in  lithology  and  in 
stratigraphic  position  to  subdivision  A  of  the 
Supai  as  defined  at  Bass  Canyon.  The  beds 
between  the  Supai  and  Coconino  formations 
are  80  feet  thick,  are  soft  and  thinly  laminated, 

»  Noble,  L.  F.,  op.  dt.,  p.  70. 
n  QUbert,  G.  K.,  op.  dt.,  p.  182. 


and  make  a  slope  above  a  bench  at  the  top  of 

the  Supai  that  corresponds  to  the  Esplanade. 

Undoubtedly  they  are  the  Hermit  shale.     In 

this  region  the  Coconino  sandstone,  although 

it  is  nearly  450  feet  thick,  does  not  make  a  cliff 

but  weathers  into  a  slope  that  is  little  steeper 

than  that  formed  by  the  Hermit  shale.     The 

actual  cliff-makers  in  the  Aubrey  cliff  are  the 

Supai  formation  and  the  Kaibab  limestone. 

Describing  the  beds  in  the  Jerome  region 

that  were  believed   to  represent   the  Supai, 

Ransome  ^  writes: 

At  this  locality  [mouth  of  Sycamore  Creek,  8  miles  north 
of  Jerome]  the  lower  700  feet  of  the  Supai  consists  chiefly 
of  fine-grained  cross-bedded  sandstone  in  beds  less  than  6 
feet  thick,  with  a  smaller  proportion  of  deep-red  shale. 
The  general  color  is  not  brilliant,  and  some  of  the  sand- 
stone beds  incline  to  a  tawny  hue.  The  upper  beds  of  this 
division  of  the  formation  are  fairly  massive  and  form  an 
outer  bench  in  the  plateau  escarpment  at  this  locality. 
Overlying  them  and  under  the  Coconino  sandstone  are 
apparently  softer  beds  of  much  brigjiter  red,  with  an  esti- 
mated thickness  of  200  to  300  feet.  As  seen  through  field 
glasses  at  a  distance  of  2  or  3  miles  they  show  conspicuous 
cross-bedding  and  appear  to  grade  upward  with  no  sharp 
break  into  the  Coconino  sandstone. 

Perhaps  the  soft  beds  noted  by  Ransome 
beneath  the  Coconino  sandstone  and  the  rock 
bench  formed  by  the  Supai  are  the  Hermit 
shale. 

Fossils. — Schuchert  was  the  first  geologist 
to  find  fossils  in  the  Hermit  shale.     He  states :  ** 

Just  below  the  sign  *'  Red  Top'*  in  the  lower  turn  of  the 
Hermit  trail  [in  Hermit  Basin]  and  immediately  above 
the  thick  upper  sandstone  [of  the  Supai]  are  seen  thin, 
bedded  red  shaly  sandstones  alternating  with  deep-ied 
zones  of  shale.  The  surfaces  of  the  glistening  and  smooth 
platy  sandstones  are  replete  with  fillings  of  the  small 
prisms  of  interbedded  sun-cracked  shales,  are  often  rain* 
pitted,  and  further  marked  by  the  feet  impressions  of 
fresh- water  amphibians  described  elsewhere  in  this  num- 
ber of  the  Journal  by  Prof.  Lull"  as  Megapeiiaf  coloraderi' 
ns  and  Exocampef  delicatula.  Some  of  the  tracks  are 
distinct  impressions  of  the  feet,  and  others  are  mere  strokes 
of  the  toes.  In  these  same  beds  also  occur  plant  remains 
in  very  fragmentary  condition  which  were  badly  macer- 
ated and  coated  with  a  slime  of  red  mud  during  their 
entombment.  They  are  therefore  difficult  to  determine, 
but  after  much  effort  Dr.  David  White  tentatively  identi- 
fied them  as  Callipteru  sp.  cf.  C.  conferta^  Wdlchia  cf. 
W.  graciliSy  Gigantopteris^  and  cf .  Sphenophyllum.    *    ♦    ♦ 

The  plants  listed  above  and  found  associated  with  the 
tracks  led  White  in  his  letter  to  the  writer  dated  June  27, 
1916,  to  the  following  conclusions:  "The  condition  of 
preservation  of  the  fragments  is  so  bad  that  caution  is 

M  Ransome,  F.  L.,  op.  dt.,  p.  102. 
M  Schuchert,  Charles,  op.  dt.,  pp.  35^-354. 

u  Lull,  B.  S.,  Fossa  footprints  from  the  Grand  Canyon  of  the  Colondoe 
Jour.  Am.  Soi.,  vol.  45,  pp.  337-346,  May,  1918. 
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necessary  in  basing  conclusions  of  any  kind  on  the  material 
submitted.  However,  the  presence  of  Gigantopteris, 
Wdlchia^  and  probably  of  Calliptens^  if  my  tentative 
generic  identification  of  the  latter  is  correct,  points  to 
lower  Permian  age  of  the  flora.  *  *  *  In  any  event, 
it  appears  probable  that  the  flora,  when  it  is  better  known, 
will  be  found  to  indicate  a  level  not  below  the  highest 
stage  of  the  Pennsyl\anian." 

In  1916  I  made  a  small  collection  of  plant 
material  from  beds  at  the  base  of  the  Hermit 
shale  resting  in  depressions  in  the  miconf  ormity 
near  Red  Top  in  Hermit  Basin.  The  collection 
was  examined  by  Mr.  White,  who  made  the 
following  report: 

The  fossils  are  very  obscure  on  account  of  the  maceration 
of  the  plant  substance,  the  washing  of  the  surface  with 
mud  slimes,  with  more  or  less  curling,  and  deformation 
produced  apparently  by  shrinkage  in  the  sun,  so  that  the 
nervation  is  in  general  obliterated,  even  the  midribs 
being  imperfectly  represented  in  some  cases.  Curling  of 
the  leaves  obscures  or  even  conceals  their  true  forms. 

One  of  the  specimens  probably  belongs  to  the  genus 
Peeopteris.  Two  other  fragments  ma>  represent  a  species 
of  Alethopleris.  Another  fragment  has  the  outline  of 
CaUipteris.  If  the  outline  is  not  misleading  as  the  result 
of  shrinkage  and  curling  of  the  borders  of  the  leaf,  the 
plant  probably  is  a  Callipteria^  in  which  case  the  evidence 
of  the  fossils  will  conform  to  the  tentative  age  determina- 
tions based  upon  the  collection  submitted  by  Prof.  Schu- 
chert,  namely,  that  the  beds  are  Permian  in  age,  or  possibly 
referable  to  the  latest  Pennsylvania!!. 

Pending  the  collection  of  additional  material,  some  of 
which  it  is  hoped  will  be  found  better  preserved,  the  refer- 
ence of  the  extremely  obscure  and  imperfect  fragments  to 
the  Permian  must  be  considered  as  provisional.  I  antici- 
pate, however,  that  more  material  >^ill  point  more  strongly 
to  the  Permian  age  of  the  upper  part  of  the  Supai  forma- 
tion. Should  this  prove  to  be  the  case,  the  unconformity 
at  the  base  of  the  Permian  in  northern  Arizona  will  remind 
geologists  of  the  strong  angular  conformity  beneath  the 
Permian  "Red  Beds"  on  the  south  flank  of  the  Ouachita 
Mountains  in  southern  Oklahoma  and  the  presence  of  in- 
conspicuous conglomerate  in  or  near  the  base  of  the  Per- 
mian in  northern  Oklahoma  and  southern  Kansas. 

In  1920  I  returned  to  Hermit  Basin  and 
searched  the  Hermit  shale  in  the  hope  of  get- 
ting material  that  would  prove  to  be  specifi- 
cally determinable,  and  at  a  point  50  feet 
above  the  base  of  the  formation,  a  quarter  of  a 
mile  west  of  Red  Top  on  the  trail  to  Dripping 
Spring,  at  the  locality  shown  in  the  sketch  and 
photograph  (fig.  4,  a,  and  PI.  XXIV,  J),  I  ob- 
tained among  other  specimens  a  well-preserved 
part  of  a  femlike  frond,  concerning  which  Mr. 
White  writes :  ^ 

A  close  inspection  shows  it  to  belong  to  the  genus  CaUip- 
teris, which  the  world  over  is  everywhere  recognized  as 

M  White,  David,  personal  letter. 


the  most  characteristic  and  widespread  exclusively  Per- 
mian fern.  I  judge  that  the  specimen  is  not  even  varie- 
tally  distinguishable  from  CaUipteris  con/erta.  Accord- 
ingly this  evidence  practically  confirms  conclusively  the 
opinions  based  on  fragments  previously  collected  by  you 
and  Prof.  Schuchert  and  is  of  itself  probably  adequate 
to  prove  the  Permian  age  of  the  Hermit  shale.  Taken 
in  connection  with  the  plant  fragments  previously  trans- 
mitted by  Prof.  Schuchert  and  you,  it  can  be  only 
Permian. 

In  1920  I  noted  imperfect  fragments  of  plant 
impressions  here  and  there  in  the  Hermit  shale 
near  the  Bass  trail  and  near  the  Bright  Angel 
trail.  The  fragments  are  not  confined  to  any 
particular  bed  in  the  formation  but  occur  at 
various  horizons.  They  are  not  nearly  so 
abundant  as  they  are  at  Hermit  Basin. 

In  the  light  of  the  evidence  just  presented 
the  Hermit  shale  may  be  confidently  assigned 
to  the  Permian. 

COCONINO  SANDSTONE. 

Character. — ^The  Coconino  sandstone  is  a 
pale-buff  fine-grained  cross-bedded  sandstone 
whose  distinctive  features  are  its  massive  ap- 
pearance, the  huge  scale  of  the  cross-bedding, 
and  the  uniform  fineness  of  the  component 
grains  of  sand.  The  massiveness  of  the  sand- 
stone, which  is  due  to  the  coarseness  of  the 
cross-bedding,  causes  it  to  weather  into  the 
highest  and  most  precipitous  cliff  in  the  upper 
wall  of  the  canyon. 

The  formation  is  made  up  of  lenticular  beds, 
each  of  which  is  truncated  by  the  bed  above  it 
in  such  a  way  that,  as  outlined  in  cross  section 
or  cliff  faces,  the  beds  commonly  form  irregu- 
lar wedges  whose  sides  are  sweeping  curves. 
Each  wedge  consists  of  innimierable  thin  in- 
clined laminae.  Horizontal  bedding  is  absent 
except  near  the  base  of  the  formation,  where 
it  is  inconspicuous.  The  wedges  differ  greatly 
in  thickness.  One  wedge,  near  the  Bass  trail, 
is  more  than  75  feet  thick;  most  are  between 
10  and  75  feet;  some  are  less  than  10  feet.  In 
every  wedge  the  laminae  dip  in  a  general 
southerly  direction  ranging  from  southeast  to 
southwest,  but  the  dip  is  not  uniform  in  all 
parts  of  the  wedge.  The  laminae  form  parallel 
curves  that  flatten  downward.  Commonly  at 
the  top  of  a  wedge  they  are  inclined  at  angles 
of  15°  to  25°,  or  exceptionally  30°,  but  near 
the  base  of  a  wedge  they  bend  and  become 
horizontal  or  nearly  horizontal.  The  prevail- 
ing dip  of  the  laminae  is  south  wherever  the 
Coconino   sandstone   is   exposed   in  northern 
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thus  almost  double  the  height  of  the  cliff  as 
seen  from  the  head  of  the  Hermit  trail  or  from 
Bass  Camp. 

Fossils, — ^The  only  traces  of  life  that  have 
been  found  in  the  Coconino  sandstone  are  fossil 
footprints  of  small  animals.  The  locality  is  on 
the  Hermit  trail  between  140  and  200  feet 
above  the  base  of  the  sandstone  and  is  easily 
accessible.  The  tracks  occur  on  the  upper  sur- 
faces of  inclined  laminae  of  the  sandstone  that 
dip  15°--25°  SW.,  and  they  are  found  over  a 
considerable  area  between  the  elevations  stated. 
The  beds  that  contain  the  tracks  have  a  slightly 
darker  color  than  most  of  the  Coconino  sand- 
stone exposed  on  the  trail,  weathering  a  rusty 
buff.  The  tracks  are  hard  to  recognize.at  first, 
as  they  are  small,  like  those  of  a  squirrel  or  a 
small  cat,  and  the  impressions  are  faint,  but 
the  tracks  are  abundant,  and  the  observer  will 
see  a  great  many  of  them  after  he  has  become 
familiar  with  their  appearance.  Most  of  them 
appear  to  have  been  made  by  animals  walking 
up  the  slope  of  the  inclined  laminae.  A  large 
number  will  be  found  in  place  on  the  outcrop- 
ping inclined  surfaces  of  the  sandstone,  but 
many  loose  slabs  of  rock  scattered  about  the 
trail  contain  good  impressions.  The  photo- 
graph reproduced  in  Plate  XXV,  ^4,  shows  im- 
pressions on  one  of  these  slabs.  Specimens  of 
two  kinds  of  tracks  collected  by  Prof.  Schuchert 
in  1915  and  by  me  in  1916  have  been  described 
by  Lull  "  as  Laoporus  schiich^^rti  and  Laoporus 
nohUL  He  regards  the  animals  that  made 
them  as  ancestral  amphibia.     He  states: 

The  creatures  which  made  the  finn print*  were  quadru- 
peds of  moderate  size,  with  broad,  stumpy  feet,  appar- 
ently clawe<l,  and  having  at  U^ast  four  toi»8  in  front  and 
five  iMshind.  The  hind  foot,  which  is  somewhat  the  lar^r, 
bore  a  j)roportionatcdy  j^ater  sliart*  of  the  creatiu^'s 
weight,  t»flpeciaUy  in  the  smalh'r  s|H»cie8.  The  limlw 
were  apparently  short,  with  a  wide  trackway,  implying 
a  l)ulky  iKxly .  No  trace  of  a  dra^jnng  trail  is  discernible  on 
any  of  the  8i)e<'inH»nH,  and  the  body  was  evidently  carried 
clear  of  the  >rround.  S(«veral  known  genera  of  Paleozoic 
f(H)t prints  may  bo  compan»d  with  the  prt«ent  species,  but 
none  agre(»H  witii  sullicicnt  cloHcness  to  warrant  the  in- 
clusion of  tluw^  fonns.  They  therefore  seem  to  pertain  to 
a  nc»w  g<»nuM,  whicli  will  be  called  iMoiiorns  and  the  affin- 
itii-s  of  which,  fnmi  th(^  criteria  whi<h  tiiey  present,  seem 
to  lio  with  the  g<»nus  Lim/io;>f/«  Marsh,  from  the  Kansas 
(>)al  McuHun^H. 

Pr()l)ably  the  spocimens  described  do  not 
n^pn»H(Mit  all  kinds  of  tracks  obtainable  at  this 
locality,   for  in   examining  the  locality  more 

•■  Lull.  I?    P.,  oji.  cit.,  pp.  3:JH-341. 


carefully  in   1920  I  noted   tracks    that  differ 
from  those  already  described. 

In  origin  I  believe  the  Coconino  sandstone  is 
essentially  a  dime  deposit,  because  it  resem- 
bles in  many  structural  and  lithologic  featiu^ 
parts  of  younger  formations  exposed  in  the 
Navajo  country,  notably  the  DeChelly,  Navajo, 
and  Wingate  sandstones,  which,  as  Gregory" 
has  shown,  are  almost  certainly  dune  deposits. 
Thin  sections  cut  from  specimens  of  the  Coco— 
nino  sandstone  that  I  have  collected  for  study^ 
may  throw  more  light  on  the  origin  of  the  sand  ^^ 
This  material,   however,   which   also   includ 
thin  sections  cut  from  beds  in  other  PaleozoL 
formations  of  the  Grand  Canyon,  has  not  y 
been  studied,  and  I  will  reserve  a  discussion 
it  for  another  report. 

KATBAB  LDCESTOlfS. 

Character, — The  Kaibab  hmestone  forms 
surface  of  Coconino  and  Kaibab  plateaus,  wbi. 
border  the  Grand  Canyon,  and  makes  the 
cliffs  that  drop  away  at  the  rim  of  the  can 
It  is  composed  of  limestone  and  sandstone 
at  some  horizons  contains  large  amoim 
chert.     Fragments   of   chert  weathered  1 
the  formation  are  abundant  nearly  everjrw 
on  the  surface  of  the  plateaus.     The  b 
limestone  are  hard  and  make  cliffs  in  the  c 
wall;  the  sandstones  are  soft  and  make  si 
Relatively  the  Kaibab  is  not  a  heavily  b 
formation,  like  the  Redwall.     Some  lim 
beds  are  over  6  feet  thick,  but  many  are  f; 
few  inches  to  5  feet  thick.     The  bedding  p 
are  distinct  throughout  the  formation, 
prevailing  colors  of  the  limestones  and  of 
of  the  sandstones  are  buff,  cream,  or 
but  some  of   the  sandstones,  notably  iim- 
middle  part  of  the  formation,  are  red  or 
low.     The  limestones  in  the  upper  part  oi 
formation  are  the  most  fossilif erous  rocks  i 
Grand  Canyon,  some  beds  being  comp 
most  entirely  of  the  remains  of  sea 
chiefly  bryozoans,  sponges,  brachiopods, 
gastropods.    Fossil  Mountain,  a  dissected 
ontory  of  the  Coconino  Plateau  near 
is  carved  from  these  fossiliferous  beds  and 
named  because  the  fossils,  weathered  from  tJie 
limestone,  litter  its  southwest  slope. 

At  Bass  Canyon  the  Kaibab  limestone  h 
divisible  into  three  members  which  in  lithologj 
and  in  topographic  expression  are  distinct  from 

M  Gregory,  H.  E.,  Geology  of  the  Navajo  country:  U.  S.  Gaol.  Sorviqr 
Prof.  Paper  93,  pp.  31-34,  53-55,  57-50, 1917. 
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another  everywhere  in  the  Kaibab  division, 
i vision  A,  at  the  top  of  the  formation,  292 
thick,  consists  of  gray  crystalline  limestone 
h  passes  at  the  base  and  top  into  altemat- 
"beds  of  fine-grained  sandstone  and  very 
-ty  limestone.  Subdivision  B,  in  the  middle 
e  formation,  136  feet  thick,  consists  of 
5  or  less  irregularly  bedded  buff,  yellow, 
red  fine-grained  sandstone  and  contains 
of  sandy  breccia.  Subdivision  C,  at  the 
of  the  formation,  134  feet  thick,  consists 
temating  beds  of  buff  sandstone  and  lime- 
3  which  pass  up  into  a  very  massive  bed  of 
ous  limestone.  Subdivision  A  forms  cliffs 
steep  slopes,  B  forms  a  slope,  and  C  forms 
ccession  of  cliffs  and  slopes.^  The  order, 
Acter,  and  succession  of  the  beds  that  con- 
te  these  subdivisions  are  described  in  the 
on  on  pages  27-28,  and  the  profile  of  the 
ivisions  is  shown  in  the  colunmar  section, 
XIX. 
analyses  of  limestone  in  subdivision  A 
IV.  One  analysis  shows  the  composition  of 
:mple  taken  from  a  bed  (No.  2,  p.  27)  just 
BF  the  rim  of  the  canyon  at  the  Bass  trail. 
K.  limestone  is  associated  with  the  sandy 
%  in  the  upper  part  of  the  subdivision.  It  is 
e  but  not  crystalline,  feels  dull  or  earthy 
1  struck  by  the  hammer,  and  in  appearance 
ests  silicified  chalk.  Similar  beds  higher 
e  Kaibab  limestone  are  exposed  on  the 
nino  Plateau  east  of  Bass  Camp  but  are 
included  in  my  section. 

rock  is  an  impure  dolomite.     The  second 

jrsis  shows  the  composition  of  the  limestone 

forms  the  greater  part  of  the  subdivision. 

limestone  is  hard,  gray,  more  or  less  cherty, 

fossiliferous,  and  entirely  crystalline.    The 

j)le  analyzed  was  taken  from  bed   No.  .6 

e  Bass  trail.     (See  p.  27.)     The  analysis 

that  this  limestone  is  not  magnesian, 

ough  it  is  relatively  impure.     Probably  the 

3uble  impurities  are  largely  the  silica  that 

nodules  of  chert  associated  with  the  lime- 

for  the  rock  represented  by  the  sample 

^yzed  contains  no  detrital  sand. 

chemical  analyses  of  limestone  from  subdivision  A^ 
Kaibab  limestone. 

[Alfred  A.  Chambers,  analyst.] 


iible 6.98 

e)/), .56 

- 29.98 

.  i  18.68 


The  sandstones  of  subdivision  B  consist  en- 
tirely of  quartzose  sand  which  in  composition, 
fineness,  and  xmiformity  of  grain  resembles  the 
sand  in  the  Coconino  sandstone.  Much  of  the 
sandstone  is  loosely  consolidated  and  crumbles 
to  sand  when  struck  with  the  hanmier.  The 
cement  appears  to  be  siliceous,  for  the  rock 
does  not  effervesce  with  acid.  Some  beds  are 
evenly  laminated;  others  exhibit  curious  gnarly 
structure  like  that  in  parts  of  the  Devonian 
Temple  Butte  limestone  (p.  51).  Wavy,  irreg- 
ular surfaces  separate  many  beds.  A  bed  of 
brecciated  sandstone  occurs  at  the  top  of  the 
subdivision  at  Bass  Canyon,  and  a  similar  bed 
occurs  near  the  middle.  (See  p.  27.)  It  is  dif- 
ficult to  determine  from  the  exposures  at  thid 
locaUty  whether  the  brecciated  structure  is 
detrital  in  origin,  the  fragments  representing 
boulders  in  a  conglomerate,  or  whether  the 
structure  was  acquired  after  the  beds  were 
consolidated,  the  beds  caving  in  and  breaking 
because  some  soluble  mineral,  perhaps  gypsum, 
was  leached  out  of  them.  The  sandstones  of 
the  subdivision  contain  no  gypsum  at  the  Bass 
trail,  but  equivalent  beds  at  Kanab  Creek  de- 
scribed by  Walcott  (see  PL  XIX)  contain  gyp- 
sum, as  also  do  equivalent  beds  at  Cataract 
Creek  described  by  Newberry.*®  Cataract  Creek 
is  about  20  miles  southwest  of  Bass  Canyon. 

The  prevailing  reddish  and  yellowish  hues 
of  the  sandstones  that  constitute  subdivision  B 
contrast  strikingly  with  the  pale  buffs  and  grays 
of  the  strata  in  the  overlying  and  underlying 
subdivisions  of  the  Kaibab  and  enable  the 
observer  readily  to  distinguish  the  subdivision. 

In  general  appearance  the  limestone  in  the 
massive  cliff-making  bed  at  the  top  of  sub- 
division C  (see  p.  28)  resembles  that  in  the 
bed  at  the  top  of  subdivision  A,  whose  com- 
position is  shown  by  the  analysis  on  this  page 
to  be  near  that  of  dolomite.  Probably  the  rock 
is  a  siliceous  dolomitic  limestone.  The  sand- 
stones that  alternate  with  the  limestones 
below  this  bed  do  not  appear  to  differ  con- 
spicuously in  composition  from  those  in 
subdivision  B,  but  all  of  them  are  evenly 
bedded,  and  some  exhibit  shaly  lamination. 
The  contact  between  subdivision  C  and  the 
underlying  Coconino  sandstone  is  level  and 
even,  and  the  bottom  bed  of  the.  subdivision, 

w  Newberry,  J.  S.,  Report  upon  the  Colorado  River  of  the  West, 
explored  in  1857-58  by  Lieut.  J.  C.  Ivee,  pt.  3,  Qeological  report,  1861. 
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a  fine-grained  reddish  to  yellowish  sandstone, 
rests  everywhere  on  the  truncated  edges  of 
inclined  laminae  of  the  Coconino  sandstone. 

Thickness. — The  Kaibab  limestone  is  562 
feet  thick  at  the  Bass  trail  and  about  25  feet 
thicker  a  short  distance  east  of  the  trail,  but 
inasmuch  as  the  summit  of  the  formation  is 
the  eroded  surface  of  the  Coconino  Plateau, 
the  original  thickness  can  not  be  determined. 
In  fact,  the  only  place  where  it  can  be  deter- 
mined in  the  Kaibab  division  is  in  the  area 
between  the  rim  of  the  Grand  Canyon  and 
Cedar  Mountain,  35  miles  southeast  of  Bass 
Canyon.  At  Cedar  Mountain,  2  miles  from 
the  rim  of  the  canyon,  the  Kaibab  is  overlain 
by  younger  beds  that  have  not  been  removed 
by  erosion,  and  the  top  of  the  Kaibab  is 
exposed  beneath  these  beds  at  the  southern 
base  of  the  mountain.  As  shown  on  page  72 
certain  beds  at  the  top  of  the  Kaibab  at  the 
base  of  the  mountain  can  be  identified  with 
beds  exposed  at  the  top  of  the  Kaibab  at  the 
rim  of  the  canyon  2  miles  away.  Therefore 
the  original  thickness  of  the  Kaibab  can  be 
obtained  by  measuring  the  formation  in  the 
canyon  wall  at  this  point  and  adding  the 
thickness  of  Kaibab  beds  exposed  imder 
Cedar  Mountain  that  have  been  removed  at 
the  rim  of  the  canyon.  These  measurements 
have  not  been  made. 

Although  the  three  subdivisions  of  the 
Kaibab  limestone  are  everywhere  readily 
distinguishable  from  one  another  they  exhibit 
variations  in  thickness  and  lithology  as  they 
are  traced  southeastward  through  the  Kaibab 
division  from  Bass  Canyon.  At  Red  Canyon, 
on  the  Hance  trail,  30  miles  southeast  of  Bass 
Canyon,  subdivision  C,  at  the  base  of  the 
formation,  is  75  feet  thick,  whereas  at  Bass 
Canyon  it  is  134  feet  thick.  The  cliff-mak- 
ing bed  of  buff  limestone  at  the  top  of  the 
subdivision  is  about  equally  thick  at  both 
localities,  but  the  alternating  sandstones  and 
limoHtoneH  between  this  bed  and  the  Co- 
conino sandstone  have  shrunk  from  86  feet 
at  Bass  ('anyon  to  30  feet  at  Rod  Canyon. 

Subdivision  B  is  143  feet  thick  at  Red 
Canyon,  [)ractically  of  the  same  thickness  as 
at  BiiHH  Canyon,  and  the  component  beds  of 
Handstone  difTor  very  little  at  the  two  localities. 
Tlie  subdivision  contains  brecciated  sandstone 
at  Red  Canyon,  as  it  does  at  Ba^  Canyon, 
but  at  Red  Canyon  the  brecciated  sandstone 


occupies  a  horizon  near  the  middle  of  the  sub- 
division, whereas  at  Bass  Canyon  it  occuis 
at  both  the  middle  and  the  top.  At  Red  Can- 
yon the  brecciated  sandstone  forms  a  bed  15 
feet  thick  and  consists  of  angular  fragments 
of  red  and  buff  sandstone  as  much  as  4  feet  in 
diameter  embedded  in  a  matrix  of  gnarled 
and  twisted  sandstone.  At  this  locality  the 
brecciated  sandstone  appears  to  represent  a 
conglomerate,  not  a  bed  shattered  after  de- 
position and  consolidation.  Undoubtedly  these 
brecciated  beds  are  a  constant  feature  of 
subdivision  B,  for  I  have  seen  them  at  all 
localities  where  I  have  examined  the  sub- 
division between  Bass  Canyon  and  Red  Canyon. 
One  of  these  beds  is  exposed  on  the  Hermit 
trail. 

Subdivision  A  is  355  feet  thick  at  Red 
Canyon  and  292  feet  thick  at  Bass  Canyon,  bat 
the  summit  is  eroded  at  both  places,  so  that 
the  differences  in  thickness  may  not  be  signifi- 
cant. At  Red  Canyon,  as  at  Bass  Canyon, 
chert  is  less  abimdant  in  the  middle  of  the  sub- 
division than  near  the  base  and  top  and  is 
most  abundant  near  the  top.  The  limestone 
in  the  subdivision  at  Red  Canyon,  however,  is 
not  nearly  so  pure  as  it  is  at  Bass  Canyon,  is 
not  prevailingly  crystalline,  and  most  beds  are 
earthy,  sandy,  or  siliceous,  resembling  the  buff 
magnesian  limestone  at  the  top  of  the  Bass 
Canyon  section  rather  than  the  gray  crystalline 
limestone  that  constitutes  the  greater  part  of 
the  subdivision  at  Bass  Canyon.  Thus  sub- 
division A  as  a  whole  becomes  sandier  and  more 
siliceous  southeastward  from  Bass  Canyon. 
The  limestones  are  decidedly  more  sandy  at 
the  Hermit  trail  than  they  are  at  the  Bass 
trail  and  more  sandy  at  Red  Canyon  than  they 
are  at  the  Hermit  trail. 

Fossils, — Fossils  are  very  abundant  at  many 
horizons  in  subdivision  A.     At  Bass  Canyon 
they  are  most  abundant  in  the  beds  of  gray 
crystalline  limestone  designated  5   and  6  in 
my  section   (p.  27).     The  following  list  of  a 
collection  in   the  possession  of  G.   H.   Girty 
obtained  at  Parusi-Wompats  Spring,  just  north 
of  the  Shinumo  region,  includes  most  of  the 
forms  that  occur  near  Boss  Canyon  .••^ 

Sponges. 

Lophophyllum  n.  sp. 
Crinoid  stems. 
Fistulipora  sp. 


le  Noble,  L.  F.,  op.  dU,  p.  71. 
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Meekopora  sp. 

Stenopora  sp. 

Septopora  sp. 

Polypora  sp. 

Lingulidiscina  convexa? 

Derbya  sp. 

Meekella  pyramidalis. 

Chonetes  aff.  C.  hillianuB. 

Producus  occid  entails. 

Productus  iveeii. 

PPoductus  aff .  P.  irginaoi 

Productus  subhonidus  var.  rugatulus. 

Productus  sp. 

Pugnax  osagensis  var. 

Heterelasma  n.  sp. 

Squamularia  guadalupenais? 

Spiriferina  campestris? 

Oomposita  subtilita. 

Aviculipecten,  2  sp. 

Acanthopecten  occidentalis. 

Plseudomonotis  aff.  P.  hawni. 

PSeudomonotis?  sp. 

Anisopyge  perannulata? 

These  and  other  fossils  constitute  the  so- 
called  Productus  ivesii  fauna.  Girty  regards 
this  fauna  as  Penman  and  tentatively  corre- 
lates the  Kaibab  limestone  with  the  San 
Andres  limestone  in  the  Manzano  group  of 
New  Mexico. 

No  fossils  have  been  found  in  subdivision 
B,  the  sandstone  member  of  the  Kaibab,  but 
a  few  occur  in  subdivision  C.  So  far  as  I  know, 
no  fossils  have  been  collected  and  described 
from  these  two  lower  subdivisions  of  the 
Kaibab  limestone  in  the  Grand  Canyon,  and 
it  is  therefore  conceivable  that  the  lower  part 
of  the  formation  may  contain  a  fauna  differing 
somewhat  from  that  in  the  upper  part.  How- 
ever, Newberry's  section  at  Cataract  Creek  ®^ 
mentions  Productus  ivesii  in  beds  equivalent  to 
those  at  the  base  of  subdivision  C.  Inasmuch 
as  the  Hermit  shale  beneath  the  Kaibab  con- 
tains Permian  plant  remains,  no  part  of  the 
Kaibab  can  be  older  than  Permian. 

BEDS  OVERLYING  THE  KAIBAB  LIMESTONE  AT 

CEDAR  MOUNTAIN. 

No  beds  younger  than  the  Kaibab  limestone 
are  exposed  in  the  wall  of  the  Grand  Canyon  in 
the  Kaibab  division,  but  Cedar  Mountain,  a 
flat-topped  butte  on  the  Coconino  Plateau  only 
2  miles  east  of  the  rim  of  the  canyon  near 
Desert  View  Camp,  is  carved  from  younger 
beds.  These  beds  at  Cedar  Mountain  consti- 
tute two  formations — the  Shinarump  conglom- 

■  Newberry,  J.  S.,  op.  cit. 


erate,  25  feet  thick,  which  makes  a  cliff  en- 
circling the  top  of  the  mountain  and  determines 
its  flat  summit,  and  the  Moenkopi  formation,  ' 
481  feet  thick,  which  makes  the  slopes  of  the 
mountain.  The  age  of  these  two  formations  is 
Mesozoic,  the  Moenkopi  being  regarded  as 
Lower  Triassic  and  the  Shinarump  as  probably 
Upper  Triassic.  The  Moenkopi  formation, 
which  is  relatively  soft,  owes  its  preservation  to 
the  hard  Shinarump  conglomerate  that  caps  it. 
Cedar  Mountain  is  accessible  by  a  rather  poor 
road  or  may  be  reached  by  walking  3  or  4  miles 
across  country  from  Desert  View  Camp,  which 
is  connected  with  El  Tovar  by  a  good  road.  It 
is  interesting  not  only  because  it  affords  evi- 
dence that  the  Moenkopi  and  Shinarump  forma- 
tions once  covered  the  Grand  Canyon  region, 
but  because  the  Shinarump  conglomerate, 
which  caps  it,  contains  petrified  wood.  Plate 
XXV,  By  shows  Cedar  Moimtain  as  seen  from 
Desert  View  Camp. 

Inasmuch  as  the  formations  in  Cedar  Moun- 
tain are  exposed  within  2  miles  of  the  rim  of  the 
Grand  Canyon  they  may  be  considered  a  part 
of  the  Grand  Canyon  stratigraphic  section,  and 
I  have  therefore  included  a  section  of  them  in 
the  present  report.  This  section,  which  fol- 
lows, is  probably  inaccurate  in  detail,  because 
I  obtained  the  thicknesses  of  the  beds  by  rough 
aneroid  measurement  and  because  the  expos- 
ures of  many  beds  are  poor  owing  to  the  apron 
of  debris  that  cloaks  the  slopes  of  the  mountain. 
However,  the  section  serves  to  give  a  general 
idea  of  the  character  and  succession  of  the  beds. 

Section  of  beds  exposed  on  south  side  of  Cedar  Mountain, 

Vishnu  quadrangle. 

Feet. 
Shinarump  conglomerate  (Upper?  Triaaaic):  Hard 
fdliceous  conglomerate  or  pebbly  grit 
composed  chiefly  of  pebbles  of  quartz 
or  jasper  embedded  in  a  matrix  of 
quartzose  sand :  caps  Cedar  Mountain  and 
forms  strong  cliff.  Cross-bedded  through- 
out; texture  \ariable,  some  beds  fine 
grained ,  others  coarse  grained .  Rounded 
pebbles  of  white  quartz  a  quarter  of  an 
inch  to  an  inch  in  diameter  predominate 
in  the  coarser  beds;  the  jasper  pebbles  are 
of  different  colors  and  are  banded  and 
vari^^ted ;  probably  the  jasper  is  petri- 
fied wood.  Several  logs  of  petrified 
wood  are  embedded  in  the  conglomerate. 
The  constituent  pebbles  of  the  conglom- 
erate are  unidentifiable  with  any  rock 
in  the  underlying  Moenkopi 25 
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a  fine-grained  reddish  to  yellowish  sandstone, 
rests  everywhere  on  the  truncated  edges  of 
inclined  laminae  of  the  Coconino  sandstone. 

Thickness, — The  Kaibab  limestone  is  562 
feet  thick  at  the  Bass  trail  and  about  25  feet 
thicker  a  short  distance  east  of  the  trail,  but 
inasmuch  as  the  summit  of  the  formation  is 
the  eroded  surface  of  the  Coconino  Plateau, 
the  original  thickness  can  not  be  determined. 
In  fact,  the  only  place  where  it  can  be  deter- 
mined in  the  Kaibab  division  is  in  the  area 
between  the  rim  of  the  Grand  Canyon  and 
Cedar  Mountain,  35  miles  southeast  of  Bass 
Canyon.  At  Cedar  Mountain,  2  miles  from 
the  rim  of  the  canyon,  the  Kaibab  is  overlain 
by  younger  beds  that  have  not  been  removed 
by  erosion,  and  the  top  of  the  Kaibab  is 
exposed  beneath  these  beds  at  the  southern 
base  of  the  mountain.  As  shown  on  page  72 
certain  beds  at  the  top  of  the  Kaibab  at  the 
base  of  the  moimtain  can  be  identified  with 
beds  exposed  at  the  top  of  the  Kaibab  at  the 
rim  of  the  canyon  2  miles  away.  Therefore 
the  original  thickness  of  the  Kaibab  can  be 
obtained  by  measuring  the  formation  in  the 
canyon  wall  at  this  point  and  adding  the 
thickness  of  Kaibab  beds  exposed  under 
Cedar  Mountain  that  have  been  removed  at 
the  rim  of  the  canyon.  These  measurements 
have  not  been  made. 

Although  the  three  subdivisions  of  the 
Kaibab  limestone  are  everywhere  readily 
distinguishable  from  one  another  they  exhibit 
variations  in  thickness  and  lithology  as  they 
are  traced  southeastward  through  the  Kaibab 
division  from  Bass  Canyon.  At  Red  Canyon, 
on  the  Hance  trail,  30  miles  southeast  of  Bass 
Canyon,  subdivision  C,  at  the  base  of  the 
formation,  is  75  feet  thick,  whereas  at  Bass 
Canyon  it  is  134  feet  thick.  The  cliff-mak- 
ing bed  of  buff  limestone  at  the  top  of  the 
subdivision  is  about  equally  thick  at  both 
localities,  but  the  alternating  sandstones  and 
limestones  between  this  bed  and  the  Co- 
conino sandstone  have  slirunk  from  86  feet 
at  Bass  Canyon  to  30  feet  at  Red  Canyon. 

Subdivision  B  is  143  feet  thick  at  Red 
Canyon,  practically  of  the  same  thickness  as 
at  Bass  Canyon,  and  the  component  beds  of 
sandstone  differ  very  little  at  the  two  localities. 
The  subdivision  contains  brecciated  sandstone 
at  Red  Canyon,  as  it  does  at  Ba^  Canyon, 
but  at  Red  Canyon  the  brecciated  sandstone 


occupies  a  horizon  near  the  middle  of  the  sub- 
division, whereas  at  Bass  Canyon  it  occutb 
at  both  the  middle  and  the  top.  At  Red  Can- 
yon the  brecciated  sandstone  forms  a  bed  15 
feet  thick  and  consists  of  angular  fragments 
of  red  and  buff  sandstone  as  much  as  4  feet  in 
diameter  embedded  in  a  matrix  of  gnarled 
and  twisted  sandstone.  At  this  locality  the 
brecciated  sandstone  appears  to  represent  a 
conglomerate,  not  a  bed  shattered  after  de- 
position and  consolidation.  Undoubtedly  these 
brecciated  beds  are  a  constant  feature  of 
subdivision  B,  for  I  have  seen  them  at  all 
localities  where  I  have  examined  the  sub- 
division between  Bass  Canyon  and  Red  Canyon. 
One  of  these  beds  is  exposed  on  the  Hermit 
trail. 

Subdivision  A  is  355  feet  thick  at  Red 
Canyon  and  292  feet  thick  at  Bass  Canyon,  but 
the  summit  is  eroded  at  both  places,  so  that 
the  differences  in  thickness  may  not  be  signifi- 
cant. At  Red  Canyon,  as  at  Bass  Canyon, 
chert  is  less  abundant  in  the  middle  of  the  sub- 
division than  near  the  base  and  top  and  is 
most  abundant  near  the  top.  The  limestone 
in  the  subdivision  at  Red  Canyon,  however,  is 
not  nearly  so  pure  as  it  is  at  Bass  Canyon,  is 
not  prevailingly  crystalline,  and  most  beds  are 
earthy,  sandy,  or  siliceous,  resembling  the  buff 
magnesian  limestone  at  the  top  of  the  Bass 
Canyon  section  rather  than  the  gray  crystalline 
limestone  that  constitutes  the  greater  part  of 
the  subdivision  at  Bass  Canyon.  Thus  sub- 
division A  as  a  whole  becomes  sandier  and  more 
siliceous  southeastward  from  Bass  Canyon, 
The  limestones  are  decidedly  more  sandy  at> 
the  Hermit  trail  than  they  are  at  the  Bass 
trail  and  more  sandy  at  Red  Canyon  than  ihey 
are  at  the  Hermit  trail. 

Fosif^Us. — Fossils  are  very  abundant  at  man; 
horizons  in  subdivision  A.     At  Bass  Canyo: 
they  are  most  abundant  in  the  beds  of  gra; 
crystalline  limestone  designated  5   and  6 
my  section  (p.  27).     The  following  list  of 
collection  in   the  possession  of  G.   H.  Girfc. 
obtained  at  Parusi-Wompats  Spring,  just  no 
of  the  Shinumo  region,  includes  most  of  t 
forms  that  occur  near  Bass  Canyon:"* 

Sponges. 

Lophophyllum  n.  sp. 
Crinoid  stems. 
Fistulipora  sp. 


!•  Noble,  L.  F.,  op.  dt.,  p.  71. 
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a  fine-grained  reddish  to  yellowish  sandstone, 
rests  everywhere  on  the  truncated  edges  of 
inclined  laminae  of  the  Coconino  sandstone. 

ThicJcness. — The  Kaibab  limestone  is  562 
feet  thick  at  the  Bass  trail  and  about  25  feet 
thicker  a  short  distance  east  of  the  trail,  but 
inasmuch  as  the  summit  of  the  formation  is 
the  eroded  surface  of  the  Coconino  Plateau, 
the  original  thickness  can  not  be  determined. 
In  fact,  the  only  place  where  it  can  be  deter- 
mined in  the  Kaibab  division  is  in  the  area 
between  the  rim  of  the  Grand  Canyon  and 
Cedar  Mountain,  35  miles  southeast  of  Bass 
Canyon.  At  Cedar  Mountain,  2  miles  from 
the  rim  of  the  canyon,  the  Kaibab  is  overlain 
by  younger  beds  that  have  not  been  removed 
by  erosion,  and  the  top  of  the  Kaibab  is 
exposed  beneath  these  beds  at  the  southern 
base  of  the  mountain.  As  shown  on  page  72 
certain  beds  at  the  top  of  the  Kaibab  at  the 
base  of  the  mountain  can  be  identified  with 
beds  exposed  at  the  top  of  the  Kaibab  at  the 
rim  of  the  canyon  2  miles  away.  Therefore 
the  original  thickness  of  the  Kaibab  can  be 
obtained  by  measuring  the  formation  in  the 
canyon  wall  at  this  point  and  adding  the 
thickness  of  Kaibab  beds  exposed  under 
Cedar  Mountain  that  have  been  removed  at 
the  rim  of  the  canyon.  These  measurements 
have  not  been  made. 

Although  the  three  subdivisions  of  the 
Kaibab  limestone  are  everywhere  readily 
distinguishable  from  one  another  they  exhibit 
variations  in  thickness  and  lithology  as  they 
are  traced  southeastward  through  the  Kaibab 
division  from  Bass  Canyon.  At  Red  Canyon, 
on  the  Hance  trail,  30  miles  southeast  of  Bass 
Canyon,  subdivision  C,  at  the  base  of  the 
formation,  is  75  feet  thick,  whereas  at  Bass 
Canyon  it  is  134  feet  thick.  The  cliff-mak- 
ing bed  of  buff  limestone  at  the  top  of  the 
subdivision  is  about  equally  thick  at  both 
localities,  but  the  alternating  sandstones  and 
limestones  between  this  bed  and  the  Co- 
conino sandstone  have  shrunk  from  86  feet 
at  Bass  Canyon  to  30  feet  at  Red  Canyon. 

Subdivision  B  is  143  feet  thick  at  Red 
Canyon,  practically  of  the  same  thickness  as 
at  Bass  Canyon,  and  the  component  beds  of 
sandstone  differ  very  little  at  the  two  localities. 
The  subdivision  contains  brecciated  sandstone 
at  Red  Canyon,  as  it  does  at  Ba^  Canyon, 
but  at  Red  Canyon  the  brecciated  sandstone 


occupies  a  horizon  near  the  middle  of  the  sub- 
division, whereas  at  Bass  Canyon  it  occuis 
at  both  the  middle  and  the  top.  At  Red  Can- 
yon the  brecciated  sandstone  forms  a  bed  15 
feet  thick  and  consists  of  angular  fragments 
of  red  and  buff  sandstone  as  much  as  4  feet  in 
diameter  embedded  in  a  matrix  of  gnarled 
and  twisted  sandstone.  At  this  locality  the 
brecciated  sandstone  appears  to  represent  a 
conglomerate,  not  a  bed  shattered  after  de- 
position and  consolidation.  Undoubtedly  these 
brecciated  beds  are  a  constant  feature  of 
subdivision  B,  for  I  have  seen  them  at  all 
localities  where  I  have  examined  the  sub- 
division between  Bass  Canyon  and  Red  Canyon. 
One  of  these  beds  is  exposed  on  the  Hermit 
trail. 

Subdivision  A  is  355  feet  thick  at  Red 
Canyon  and  292  feet  thick  at  Bass  Canyon,  but 
the  summit  is  eroded  at  both  places,  so  that 
the  differences  in  thickness  may  not  be  signifi- 
cant. At  Red  Canyon,  as  at  Bass  Canyon, 
chert  is  less  abundant  in  the  middle  of  the  sub- 
division than  near  the  base  and  top  and  is 
most  abundant  near  the  top.  The  limestone 
in  the  subdivision  at  Red  Canyon,  however,  is 
not  nearly  so  pure  as  it  is  at  Bass  Canyon,  is 
not  prevailingly  crystalline,  and  most  beds  are 
earthy,  sandy,  or  siliceous,  resembling  the  buff 
magnesian  limestone  at  the  top  of  the  Bass 
Canyon  section  rather  than  the  gray  crystalline 
limestone  that  constitutes  the  greater  part  of 
the  subdivision  at  Bass  Canyon.  Thus  sub- 
division A  as  a  whole  becomes  sandier  and  more 
siliceous  southeastward  from  Bass  Canyon. 
The  limestones  are  decidedly  more  sandy  at 
the  Hermit  trail  than  they  are  at  the  Bass 
trail  and  more  sandy  at  Red  Canyon  than  they 
are  at  the  Hermit  trail. 

Fossils, — Fossils  are  very  abundant  at  many 
horizons  in  subdivision  A.  At  Bass  Canyon 
they  are  most  abundant  in  the  beds  of  gray 
crystalline  limestone  designated  5  and  6  in 
my  section  (p.  27).  The  following  list  of  a 
collection  in  the  possession  of  G.  H.  Girty 
obtained  at  Parusi-Wompats  Spring,  just  north 
of  the  Shinumo  region,  includes  most  of  the 
forms  that  occur  near  Bass  Canyon:"* 

Sponges. 

Lophophyllum  n.  sp. 
Crinoid  stems. 
Fistulipora  sp. 


"  Noble,  L.  F.,  op.  dt.,  p.  71. 
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Feet. 

Unconformity  ( ?) .  The  contact  between  the  Shina- 
rump  conglomerate  and  the  underlying 
shale  is  concealed  nearly  everywhere  by 
talus.  The  only  exposure  noted,  a  few 
feet  in  horizontal  extent,  shows  conglom- 
erate resting  on  reddish-brown  sandy 
shale;  lithologic  change  from  shale  to 
conglomerate  very  sharp. 

Moenkopi  formation  (Lower  Triassic): 

1.  Slope;  practically  all  covered  by  debris. 

The  few  outcrops  consist  of  thinly 
laminated  reddish-brown  shale  or  shaly 
sandstone GO 

2.  Strong  cliff;  very  massive  reddish-brown 

fine-grained,  strongly  cross-bedded  sand- 
stone         80 

3.  Slope;  soft,  thinly  laminated  tan  to  reddish- 

brown  sandy  shale.  Outcrops  covered 
with  white  saline  efTlorescence,  indicating 
the  presence  of  much  saline  material  in 
the  rock 130 

4.  Weak  cliff;  rather  massive  buff  sandstone 

exhibiting  indistinct  cross-bedding 16 

5.  Slope;  thinly  laminated  tan  sandstone  or 

sandy  shale 5 

6.  Cliff;  light  yellowish-buff  to  creamy-buff 

fine-grained  rather  massive  cross-bedded 
sandstone 18 

7.  Long,  gentle  slope  almost  entirely  covered 

by  talus.  The  few  outcrops  are  mostly 
thinly  laminated  soft  brownish  or  reddish 
shale.  The  upper  part  of  this  member, 
just  under  the  overlying  buff  sandstone, 
is  bright- vermilion  shale;  the  basal  por- 
tion is  slabby  fine-grained  thin-bedded 
sandstone  which  exhibits  lemon  and  tan 
tints  and  is  markedly  calcareous 150 

8.  Tiny  cliff;  greenish-buff,  thinly  laminated 

cr>'stalline  limestone,   somewhat  sandy 

in  places 1 

9.  Slope ;  platy ,  very  thinly  laminated  greenish 

and  brownish-buff  calcareous  shaly 
sandstone,  passing  up  into  brownish-buff 
and  vermilion  beds  of  the  same  character        15 

10.  Curious  gnarly  cherty  bed.     In  places  a 

conglomerate  of  angular  chert  fragments; 
in  places  a  massive  gnarl>  sandy  chert. 
Thickness  variable 0-4 

11.  Massive  yellowish-buff  fine-grained  sand- 

stone.   Thickness  variable 0-2 


481 


Unconformity  (?) .  The  irregularity  of  the  beds  at  this 
horizon  and  the  presence  in  them  of 
brecciated  chert  indicate  a  surface  of 
erosion,  but  the  outcrops  are  not  of  sufii- 
cient  extent  to  afford  conclusive  evi- 
dence. 


2-6 
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Kaibab  limestone  (Permian): 

1.  Massive  buff  sandstone  containing  lenses 

of  chert  and  many  casts  of  foesilB;  casts  of 
Productusf  are  the  most  abundant. 
Thickness  of  bed  variable  and  its  surface 
appears  wa\'y 

2.  Partly     concealed     bed,     mn-lring    slope. 

Apparently  consists  of  alternating  thin 
layers  of  chert  and  lemon-buff  sand- 
stone   

3.  Cliff;  massive  gray  to  buff  sandstone;  cal- 

careous; contains  casts  of  Productiisf 

4.  Not  measured.     Thin  layers  of  rubbly  chert 

and  fine-grained  lemon-buff  to  pinkish- 
buff  sandstone.  Thickness  at  least  40 
feet.  The  beds  forming  this  cherty 
series  are  plainly  equivalent  to  similar 
cherty  beds  in  the  Kaibab  limestone  that 
are  exposed  in  the  wall  of  the  Grand 
Canyon  just  under  the  rim  at  Desert  View, 
3  miles  away. 

The  section  just  given  may  be  compared 
with  Gregory's  type  section  of  the  Moenkopi 
formation  for  the  Little  Colorado  Valley, 
measured  5  miles  below  Tanner  Crossing,  in  the 
wall  of  the  valley.*^  Tanner  Crossing  is  about 
20  miles  southeast  of  Cedar  Mountain.  Both. 
sections  include  the  entire  Moenkopi,  with  the 
Shinanmip  conglomerate  exposed  above  it 
and  the  top  of  the  Kaibab  limestone  exposed 
below.  Gregory's  section  of  the  Moenkopi  is 
389  feet  thick,  whereas  the  section  at  Cedar 
Mountain  above  the  Kaibab  limestone  measures 
481  feet.  The  Cedar  Mountain  section  differs 
from  Gregory's  section  chiefly  in  that  it  con- 
tains massive  beds  of  cross-bedded  sandstone 
in  the  upper  part,  and  it  is  conceivable  that 
this  massive  sandstone  at  Cedar  Mountain 
represents  the  De  Chelly  sandstone  of  the 
Navajo  country,  which,  as  Gregory  has  shown, 
is  sporadic  in  occurrence  and  occupies  a 
stratigraphic  position  between  the  Moenkopi 
formation  and  the  Shinarump  conglomerate. 
However,  great  and  sudden  variabiUty  in 
lithology  both  vertically  and  horizontally  is 
a  normal  feature  of  the  Moenkopi,  as  Gregory 
has  pointed  out.  Moreover,  cross-bedded  sand- 
stone is  not  uncommon  in  the  Moenkopi,  so  that 
its  presence  at  Cedar  Mountain  is  not  neces- 
sarily significant.  Unconformities  between  the 
Shinarump  and  Moenkopi  and  between  the 
Moenkopi  and  Kaibab  can  not  be  determined 
by  conclusive  evidence  at  Cedar  Mountain^ 

•"  Gregory,  H.  E.,  op.  dt.,  p.  24. 


PALEOZOIC  FORMATIONS  OF  THE  GRAND  CANYON. 


73 


I>6caiise  the  exposures  of  the  contacts  between 
the  formations  are  of  small  extent,  but  mas- 
much  as  Gregory  has  shown  conclusively  that 
these  unconformities  exist  in  the  general 
region  and  are  widespread,  it  is  highly  probable 
that  the  features  I  have  described  as  occuring 
at  the  contacts  between  the  formations  at 
Cedar  Mountain  indicate  their  presence. 

I  obtained  no  fossils  in   the  Moenkopi  at 
Cedar  Mountain,  but  fossils  collected  in  it  by 


Longwell  ^  in  Nevada  and  determined  by 
Girty  show  that  its  age  is  Lower  Triassic. 
Therefore  the  probable  unconformity  between 
the  Moenkopi  formation  and  the  Kaibab 
limestone  separates  deposits  of  the  Paleozoic 
and  Mesozoic  eras. 

Gregory  ®'  has  tentatively  assigned  the  Shin- 
arump  conglomerate  to  the  Upper  Triassic. 

•*  Longwell,  C.  R.,  op.  cit.,  p.  50. 
*»  Gregory,  H.  £.,  op.  dt.,  p.  41. 


THE  SHAPES  OF  BEACH  PEBBLES. 


By  Chester  K.  Wentworth. 


PURPOSE  OP  THE  STUDY. 

There  is  much  confusion  in  geologic  litera- 
ture as  to  the  shapes  of  fluvial  and  beach 
pebbles  and  the  differences  between  them,  if 
diflferences  exist.  Though  the  contrary  has 
been  asserted,  most  geologists  who  have 
written  on  the  subject  appear  to  hold  the  view 
that  beach  pebbles  are  generally  flatter  than 
river  pebbles,  having  discoid,  lozenge-shaped, 
ellipsoid,  or  oval  forms.*  It  is  asserted  by 
some  that  these  forms  are  produced  by  push- 
ing of  the  rock  fragments  to  and  fro  by  the 
waves.'  Others  have  considered  that  the 
shapes  of  the  original  fragments  and  the  in- 
herent structure  of  the  rock  are  dominant  in 
determining  the  shapes  of  beach  pebbles,'  and 
with  this  view  the  writer  is  in  accord.  That 
beach  pebbles,  even  those  composed  of  massive 
igneous  rocks,  are  commonly  of  a  flattened 
oval  form  seems  certain,  as  has  been  stated 
elsewhere,*  but  this  fact  is  probably  to  be 
attributed  to  the  development  of  such  forms 
from  original  flat  fragments  or  from  rocks  of 
schistose  structure  or  to  the  segregation  of 
such  forms  under  the  peculiar  action  of  the 
waves,  rather  than  to  their  production  by  a 
specialized  wave  abrasion. 

Though  many  opinions  on  the  subject  have 
been  expressed,  no  one,  so  far  as  known  to  the 
writer,  has  made  any  quantitative  test  of  the 
development  of  such  shapes  on  a  beach.  It 
was  the  writer's  good  fortune  during  the  sum- 
mer of  1921  to  visit  two  localities  on  the  At- 
lantic coast  of  New  England  where  pebbles  are 

^  SuflflB,  E.,  Der  Boden  der  Stadt  Wien,  pp.  64, 65, 18S2  (quoted  from 
Qrabaa,  A.  W.,  Principles  of  stratigraphy,  p.  505, 1913). 

Hoemes,  R.,  Oerdlle  und  Oeschiebe:  K.  k.  geol.  Reichsanstalt  Verb. 
No.  12,  pp.  42et  seq.,  1911  (quoted from  Orabau,  A.  W.,  op.  cit.,  p.  595). 

Cole,  O.  A.  J.,  Roclcs  and  their  origins,  p.  71,  Cambridge  Univ.  Press, 
1913. 

Trowbridge,  A.  C,  Classification  of  common  sediments:  Jour.  Geology, 
vol.  22,  p.  435, 1914. 

Stephenson,  L.  W.,  The  Coastal  Plain  of  North  Carolina:  North  Caro- 
lina Cteol.and  Econ.  Survey,  vol.  3,  pp.  274-275, 1912. 

Oeikle,  A.,  Textbook  of  geology,  vol.  1,  p.  569, 1903. 

*SuesSy£.,op.cit.    Hoernes,  R.,op.cit.    Cole,  O.  A.  J.,  op.  cit. 

*  Orabaa,  A.  W.,  Principles  of  stratigraphy,  pp.  715-716, 1913. 
Dunn,  E.  J.,  Pebbles,  p.  7,  Sydney,  O.  Robertson  &  Co.,  1911. 

*  Wentworth,  C.  K.,  Quantitative  studies  of  the  shapes  of  pebbles  (un- 
pablisbed  thesis,  Iowa  State  Univ.). 


being  produced  by  wave  abrasion  of  igneous 
rock  in  place.  At  these  localities  he  measured 
more  than  300  pebbles  with  the  hope  of  obtain- 
ing evidence  that  would  be  conclusive,  at  least 
so  far  as  these  localities  are  concerned.  The 
results  obtained  are  presented  on  the  following 
pages.  It  is  the  writer's  hope  that  geologists 
acquainted  with  localities  where  similar  meas- 
urements might  be  made  or  where  conditions 
of  wave  abrasion  are  especially  effective  or 
pecuUar  will  refer  him  to  such  places. 

BEACH  CONDITIONS. 

The  first  locality  visited  was  at  the  south 
extremity  of  Nantasket  Beach,  at  the  point 
shown  on  the  topographic  map  of  the  Boston 
Bay  quadrangle  under  the  capital  A  of  '^ At- 
lantic." Here,  on  the  east  side  of  the  point,  is 
a  beach  about  200  feet  in  length  which  is  com- 
posed of  material  ranging  from  sand  to  blocks 
and  boulders  a  foot  or  more  in  diameter.  At 
each  end  the  beach  is  terminated  by  low  prom- 
ontories of  the  local  light-green  to  gray  igneous 
rock,  which  is  included  in  the  Mattapan  vol- 
canic complex  as  mapped  by  Emerson.'  The 
greater  part  of  the  gravel  of  the  beach  is  de- 
rived from  the  adjacent  outcrops,  which  show, 
however,  great  variations  in  type  within  short 
distances,  including  some  pyroclastic  and  sedi- 
mentary derivatives  of  the  igneous  rock.  In 
addition  to  the  local  rock  there  is  a  considera- 
ble admixture  of  pebbles  of  granite,  porphyry, 
breccia,  f  elsite,  and  many  other  kinds  of  igneous 
rock  from  other  parts  of  eastern  Massachusetts 
which  have  been  transported  by  glacial  ice, 
by  streams,  and  by  shore  currents.  ,  The 
general  character  of  the  beach  gravel  is  shown 
in  Plate  XXVI.  The  conditions  of  abrasion 
at  this  point  are  those  of  a  pocket  beach.  The 
tides  rise  and  fall,  shifting  the  zone  of  abrasion 
by  several  feet  in  height  and  about  75  to  100 
feet  horizontally.  Storm  waves  break  high 
over  the  north-south  beach  ridge  and  both  ad- 
jacent rock  promontories.  Gravel  is  not  trans- 
ported to   any  extent  from  the  beach,   either 

•  Emerson,  H.  K.,  U.  S.  Oeol.  Survey  Bull.  597,  p.  200, 1017. 
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alongshore  or  out  to  deep  water,  and  remains 
indefinitely  in  the  zone  of  effective  abrasion. 
The  coast  at  this  place  trends  northwest,  and 
the  beach  is  exposed  to  the  full  force  of  waves 
from  the  northeast,  but  not  so  much  to  those 
from  south  of  east. 

The  site  of  the  second  series  of  measurements 
was  the  rocky  shore  at  the  entrance  to  New 
Haven  Harbor,  near  Fort  Hale,  Conn.  Here, 
for  a  distance  of  several  hundred  feet,  is  a  wave- 
cut  cliff  and  abrasion  platform  cut  in  the  end  of 
a  north-south  ridge  of  Triassic  trap  that 
reaches  the  shore.  .fVlong  the  cliff  and  strewn 
in  both  directions  on  the  beach  is  considerable 
gravel  composed  of  trap  from  the  local  ex- 
posure. This  gravel  extends  only  a  few  hun- 
dred feet  in  each  direction,  giving  way  to  sand 
and  finer  materials.  Mingled  with  the  trap 
pebbles  of  the  gravel  are  a  few  pebbles  and 
larger  pieces  from  the  glacial  till  that  overlies 
the  bedrock  at  the  top  of  the  cliff  and  is  exposed 
lower  down  along  the  adjacent  parts  of  the 
shore.  These  are  readily  identified  by  inspec- 
tion. The  general  character  of  the  shore  and 
gravel  at  this  point  is  shown  in  Plate  XXVII. 

On  this  beach  wave  action  is  far  less  effective 
as  an  agent  of  abrasion  than  at  Nantasket. 
Not  only  are  the  waves  in  this  part  of  Long 
Island  Sound  less  violent  than  those  of  the 
Atlantic  Ocean  at  Nantasket,  but  the  pebbles 
here  are  not  confined  in  a  pocket  beach. 

METHODS  OF  MEASUREMENT. 

Tlu*ee  diameters  mutually  at  right  angles 
were  measured  for  each  pebble  with  a  steel 
tape.  The  radius  of  curvature  of  the  sharpest 
edge  of  each  was  measured  with  the  convexity 
gage  described  elsewhere.®  All  measurements 
were  in  millimeters.  The  data  were  recorded 
in  several  groups  as  follows : 

Nantasket:  Pebbic«. 

A.  Random  selection,  all  matorials 01 

B.  Miscellaneous  rock  types: 

Quartzite 20 

Red  porph>T>' 20 

Black  porphjTv 10 

Granite 10 

GO 

C.  Local  volcanic  rock 80 


Fort  Hale: 

D.  Local  trap. 


201 
101 


•  Went  worth,  C.  K.,  Quantitative  studies  of  the  shapes  of  pebblas 
(unpublished  thesis,  Iowa  State  Univ.),  p.  01,  1921.  See  also  Wcnt- 
worth,  C.  K.,  The  shapes  of  pebbles:  U.  S.  Geol.  Survey  Bull.  730,  pp. 
91-114, 1922. 


LABORATORY  DETERMINATIONS. 

The  relative  resistance  of  the  local  rocks  at 
the  two  beaches  was  determined  by  an  abra- 
sion test  in  the  tumbling  mill.  Four  pebbles 
of  each  rock  were  ground  at  one  end  on  a  lap 
to  a  sharp  90°  edge.  They  were  then  sub- 
jected to  abrasion  in  the  mill  for  a  total  dis- 
tance of  about  80  miles.  Measurements  of  the 
convexity  of  the  prepared  edge  were  made  at 
intervals,  and  the  resulting  data  were  used  in 
comparing  the  durability  of  the  two  types  of 
rock. 

COMPUTATIONS. 

Computations  were  made  as  follows  for  each 
pebble : 

Mean  diameter,^  computed  approximately  by 

the  formula  D  =  </WWW^'  where  D\  D'\ 
and  B'"  are  the  length,  breadth,  and  thick- 
ness as  measured  in  the  field. 

Roundness   ratio,  ^^fyf  where  r^  is   the 

radius  of  curvature  in  millimeters  of  the 
sharpest  edge  and  R  is  the  mean  radius  of  the 
pebble. 

Flatness  ratio,     aw//>    or  the  average  of  the 

length  and  breadth  divided  by  the  thickness. 
All  these  values  were  computed  to  two  sig- 
nificant figures  by  the  use  of  graphic  charts. 
Further  description  of  these  ratios  and  methods 
of  computation  has  been  given  elsewhere.* 

RESULTS. 

The  results  of  the  measurements  are  plotted 
on  the  graphs  of  figures  5  to  10.  The  varia- 
tions of  the  roundness  ratios  are  so  great  that 
for  practical  considerations  it  seems  better  to 
average  these  ratios  by  subgroups.  These 
averages  were  made  as  described  below,  and 
the  subgroups  are  indicated  by  the  large  dote 
in  figure  5  and  by  all  the  dots  in  figures  6  to  10^ 
where  the  number  of  pebbles  represented  by 
each  dot  is  shown  by  the  small  accompanying 
figures.     In  the  subgroups  marked  X  under 

7  The  writer's  use  of  the  term  ''mean  diameter"  is  open  to  the  oliiiee- 
tion  that  in  the  u^e  of  the  approximate  formula  given  above  the  true 
value  of  the  arithmetic  mean  of  all  diameters  (the  ideal  oonoqyt  of  the 
term )  is  not  derived.  The  wTitcr  does  not  consider  the  ofaleotkn  to  be 
serious,  for  it  applies  in  varying  degree  to  all  physical  onnatanti  that 
ur(;  luised  on  empirical  data.  It  is  customary  to  speak  of  the  vahMi 
derived  for  these  constants  as  the  theoretical  cnistants  themsdves,  and 
the  common  practice  seems  not  to  be  unduly  conltistng.  Therefore,  in 
the  following  pages  where  the  term  ''mean  diameter*'  is  used,  the  actual 
numerical  values  are  understood  to  be  approximations  to  the  true arftb- 
metlcal  mean  of  all  diameters. 

"  Wentworth,  C.  K..  The  shapes  of  pebbles:  U.  S.  GeoL  Survey  Bull, 
730,  pp.  91-114, 1922. 


A.  GRAVEL  IN    I'OCKHT  HKACU  SOUTH  OK  NANTASKir 


(IF  PROMONTORY  SOUTH  OF  NANTASKET.  MASS. 


B.  NEAR  VIEW  C 
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"Method  of  computing  averages"  in  the  fol- 
lowing table  the  values  of  —oyyir-  for  all  the 

pebbles  of  the  subgroup  were  averaged  arith- 
metically for  the  ordinate,  and  the  mean  of 

the  limits  of  ^  for  the  subgroup  was  used  for 

abscissa.    In   the   subgroups  marked   Y   the 

values  of  ■nriirr  were  averaged  similarly  for 


pebbles  of  the  subgroup  wen 
metically  for  the  abscissa. 


twaxraM  &— Oraph  ihoirliig  Oitinas  nila  ^jji,  (anUnui)  and  rouod- 
lUBg  iBtloB  ^  (■badn)  of  81  pcbblu  of  group  A  at  NuitukM,  iltea. 
I^rge  dou  Aoir  avenga  podtloaa  for  subgrouin  of  pabb1«.     [S« 


averaged  arith- 
Method   X   was 


used  for  tiie  sul^roups  in  which  values  of  -n 

were  fairly  uniformly  and  thickly  distributed; 
method  Y  was  used  for  sul^;roups  in  which  a 
few  erratic  points  needed  to  be  averaged. 
The  subgroup  limits  were  chosen  to  avoid  as 
far  as  possible  very  small  subgroups  or  very 
great  differences  in  the  number  of  pebbles  in 
adjacent  subgroups.  No  data  were  rejected, 
and  every  measurement  taken  in  the  field  is 
represented  in  the  averages  here  presented. 


„  D'+D''  I 


Faiuu  II.— Onpb  showliig  flatncgs  and  roundnesa  of  SI  pebbla  of  group  A.     The  R 

(lio  round  a«as  mlloi  as  Ihe  abscljsa.    For  slmpUrity,  tha  pebbles  are  arranged  In  JubRTOupa,  and  each  large  do 
-  the  numbw  of  pebbles  Indicated  b;  Uie  small  Bgurea.    It  U  apparent  that  as  the  roundness  Idctcasu  ibe  nune 
91048="— 23 6 


le  ordloats  and 
\ma  poilUou  at 


8H0RTBB  CONIBIBUTIONS  TO  QBITEBAL  aEOLOGl,  19ea. 


Thoot*  T.-^npb  jbowtng  Oatiua  and  nuDdaew  nUo  of  ptbblM  afpn^  B.    For  axpluattaa,  xalliiiiii  6. 


FmmS^^npIiiboiriiie  ObUins  and  nxiiidiing  nUoa  of  pcbbtea  oTgroup  C.    For  expluilian,  ne  flgon  >• 


V 


-s- 

TsniBa  B.-'Onph  showliig  auDtaa  and  rauadimi  ratios  of  pcbbltsol  gnups  A,  B,  and  Coomtiliied.    For  «ipto*lll»i|  —  flpM*  <k 


name  ID.— Onph  tbowlng  aataeu  and  rDun<]Qea9ratl[»a(p«4>blc8  0()(i«up  U,    Fv  upluiatlon,  m  Dgon  S, 
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Method  of  computing  averagegfor  subgroups. 


Method 

Qreph. 

Group. 

Sab- 
group. 

R 

of  com- 
puting, 
aver- 
ages. 

f    1 

0.  01-0.  05 

Fipires  5  and  6,  five 
Utfge  dots  at  left... 

2 

.06-  .10 

A 

•3 

. 11-  .  15 

1    ^ 

4 

.  16-  .  20 

5 

.  21-  .  25 

FiRuree    5    and    6, 
iBige  dot  at  right. . 

A 

6 

.26  and 
over 

Y 

7 

.  06-  .  15 

Figure  7,  all  dots 

B 

8 
9 

.  16-  .  25 
.  26-  .  35 

X 

10 

.  36-  .  45 

f  11 

.  01-  .  15 

Figure  8,  all  dots 

C 

12 
13 
14 

.  16-  .  25 
.  26-  .  35 

X 

.  36-  .  45 

r  15 

.  01-  .  05 

16 

.06-  .10 

17 

.  11-  .  15 

18 

.  16-  .  20 

Figure  9,  all  dots.... 

A,B,C 

19 
20 
21 
22 

.  21-  .  25 
.  26-  .  30 
.  31-  .  35 
.36-  .40 

X 

I  23 

.  41-  .  45 

Figure  10,  four  dots 
at  left 

D 

24 
25 
26 

.  02-  .  05 
.06-  .09 
.  10-  .  14 

X 

.  27 

. 15-  .  19 

Figure    10,    dot   at 

rieht 

D 

28 

.  20-  .  45 

Y 

Roundness  and  flatness  ratios  of  pe6&Ze«— Continued. 

Gronp  A,  flgores  S  and  6— Continued. 


Subgroup. 


Roundness  and  flatness  ratios  of  pebbles. 

Groap  A,  flgurca  6  and  6. 


Subgroup.  II. 


1 


2... 


Tl 

JD'+D" 

R 

»D"' 

0.01 

2.7 

.05 

2.2 

.03 

3.6 

.03 

3.0 

.03 

4.1 

.05 

3.8 

.05 

4.6 

.05 

3.4 

.03 
f  .07 

4.9 

32.3 

3.9 

.07 

2.7 

.09 

2.9 

.08 

6.5 

.08 

1.8 

.10 

6.3 

.06 

5.2 

.06 

2.5 

.10 

3.0 

.09 

2.1 

.07 

5.5 

.09 

2.0 

.09 

2.0 

.06 

2.6 

49.0 

Abscissa  and  ordinate. 


Method  X,  abscissa  0.03; 
ordinate  (32.3-+-9)  3.59. 


Method  X,  abscissa  0.08; 
ordinate  (49.0-S-14)  3.50. 


6. 


R 


ro.i2 

.12 

.11 

.12 
.11 
.12 
.12 
.12 
.11 
.15 
.12 
.13 
.11 


.28 
.26 
.32 
.40 
.40 
.50 
.30 
.36 
.38 


13.20 


3.1 
1.7 
3.4 
5.0 
1.5 
4.0 
3.5 
2.2 
2.5 
2.2 
2.0 
2.9 
1.5 


Abadssa  and  ordinate. 


35.5 


.17 

2.9 

.19 

5.5 

.18 

3.0 

.19 

5.0 

.18 

2.0 

.19 

2.5 

.20 

1.4 

.19 

1.2 

.17 

1.7 

25.2 

.22 

2.5 

.22 

2.8 

.21 

2.0 

.24 

2.1 

.25 

1.6 

.25 

2.4 

.24 

1.5 

Method  X,  absdaaa  0.13; 
ordinate  (35.5-^13)  2.73. 


14.9 


2.5 
2.5 
1.9 
1.3 
2.2 
1.2 
1.9 
1.3 
1.9 


16.7 


Method  X,  abscissa  0.18; 
ordinate  (25.2-i-9)  2.80 


Method  X.  abscissa  0.23; 
ordinate  (i4.9-i-7)  2.13. 


Method  Y,  abscissa  (3.20 
-f-9)  0.355;  ordinate 
(16.7-+-9)  1.86. 


Group  B,  fignre  7. 


0.13 

1.3   ^ 

.08 

1.9 

.09 

1.7 

.14 

1.4 

.09 

1.8 

.13 

1.5 

.09 

3.2 

.13 

2.2 

.11 

1.8 

.14 

1.6 

.15 

1.3 

19.7 

Method  X,  abscissa  0.105; 
ordinate  (19.7-*-ll)  1.79. 
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Roundness  and  flatness  ratios  of  pebbles — Continued. 
Group  B,  figure  7— Continued. 


Subgroup. 

R 

tD'" 

Abscissa  and  ordinate. 

0.19 

L7 

.25 

2.0 

.23 

2.1 

.21 

2.6 

.22 

2.2 

.23 

L2 

.24 

1.4 

.18 

1.6 

.19 

1.9 

.25 

1.2 

.18 

1.5 

8 

.16 
.20 
.19 

1.6 

1     e*    ' 

Method  A,  absciflBa  0.205; 

1.  6 
L2 

ordinate  (37.4h-22)  1.70. 

.16 

1.2 

.19 

1.8 

.25 

1.4 

.23 

2.2 

.22 

1.2 

.16 

1.9 

.21 

2.0 

.22 
.32 

1.9 

37.4 

2.0 

.26 

L4 

.34 

1.5 

.30 

L5 

.26 

1.6 

.26 

1.8 

.26 

1.8 

.34 

1.8 

.28 

1.7 

.32 

1.8 

.30 

1.6 

.Method  X,  absdsBa  0.305; 

9 

.26 

2.0 

ordinate  (32.5h-20)  1.63. 

.26 

1.9 

.32 

1.8 

.28 

1.4 

.26 

1.7 

.30 

1.1 

.32 

LI 

.32 

L5 

.28 
.45 

L5 

32.5 

1 

L3 

.40 

1.5  ! 

10 

.38 
.42 
.40 

L4 
1.3 
L2 

Method  X,  abscissa  0.405; 
)    ordinate  (9.9-^7)  1.41. 

.45 

1.6 

.45 

L6 

9.9 

Group  C,  figure  8. 


11 


f0.05 

.03 

.02 

{  .04 

.05 

.02 

1.04 

2.5 
2.0 
2.3 
3.2 
3.3 
3.8 
3.4 


Roundness  and  flatness  ratios  of  p«662e9— Continued. 
Group  C  figure  8— Continued. 


Subgroup. 

R 
f0.05 

D'+D" 
tD'" 

Abfld!»a  and  ordinate. 

3.2 

.13 

2.2 

.08 

L8 

.13 

2.2 

.14 

3.1 

• 

.07 

4.7 

.10 

1.2 

.12 

2.2 

.10 

2.4 

.15 

2.1 

.10 

L5 

.15 

L7 

.08 

3.9 

.12 

2.6 

.08 

2.3 

11.— Contd. 

.14 
.12 

3.1 

Method  X,  abeoiBsa  0.06; 

2.2 

ordinate  (102.7«-t-36)  2.85. 

.14 

7.1 

.15 

3.3 

.14 

3.0 

.10 

2.7 

.14 

3.7 

.07 

3.4 

.09 

2.4 

.08 

2.3 

.09 

3.9 

.11 

3.7 

.08 

2.0 

.13 
.16 

2.2 

102.7 

2.2 

.16 

L2 

.25 

4.3 

.22 

2.5 

.16 

L7 

.20 

4.0 

.16 

L8 

.18 

2.8 

.20 

1.8 

.22 

3.5 

.17 

1.9 

.21 

4.5 

.24 

2.5 

.18 

5.3 

.18 

2.1 

.23 

1.8 

.17 

L7 

.22 

1.7 

Method  X,  abecissa  0.206; 

12 

.22 

1.7 

»    ordinati^  (90.5h-34)  2.66. 

.16 

L9 

.18 

2.3 

.23 

L3 

.17 

3.1 

.19 

2.0 

.16 

2.7 

.19 

5.5 

• 

.25 

3.2 

.18 

2.5 

.20 

2.8 

.18 

3.2 

.25 

2.0 

.16 

2.3 

.17 

3.5 

.17 

3.2 

90.5 
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Roundness  and  flatness  ratios  of  pebbles — Continued. 
Group  C,  figure  8 — Continued. 


Su1)group. 


R 


13 


14. 


fO.32 
.26 
.28 
.26 
.34 
.26 
.26 
.26 


D'+D 
tD'" 


tt 


.45 
.40 


1.5 
2.1 
3.3 
2.7 
1.8 
2.1 
1.9 
2.3 


Absdssa  and  ordinate. 


17.7 


Method  X,  abscissa  0.305; 
ordinate  (17.7-^-8)  2.21. 


1.9   \ 
2.0 


3.9 


Method  X,  abscissa  0.405; 
ordinate  (3.9-5-2)  1.95. 


Groups  A,  Bp  and  C  combined,  fltfure  9.  o 


15.. 
16.. 
17.. 


18. 
19. 
20. 
21. 
22. 
23. 


56.0 
95.1 
88.1 
100.4 
67.6 
40.1 
19.0 
12.8 
8.9 


Abscissa  0.03 
(56.0-i-17)  3 

Abscissa  0.08 
(95.1-H32)  2 

Abscissa  0.13 
(88.1-1-34)  2 

Abscissa  0.18 


(100.4-Ml)  2.45. 


Abscissa  0.23 
(67.6-i-31)  2 

Abscissa  0.28 
(40.1-H21)  1 

Abscissa  0.33 
(19.0-1-11)  1 

Abscissa  0.38 


(12.8H-8)  1.60. 


Abscissa  0.43 
(8.9-*-6)  1.48. 


ordinate 
29. 

ordinate 
98. 

ordinate 
59. 

ordinate 


Roundness  and  flatness  ratios  of  pebbles — Continued. 
Group  D,  figure  10— Continued. 


ordinate 
18. 

ordinate 
91. 

ordinate 
73. 

ordinate 


ordinate 


Group  D,  figure  10. 


f0.02 

2.1 

.02 

2.5 

.03 

2.3 

.03 

1.8 

.03 

1.8 

.04 

2.7 

.05 

2.9 

.05 

1.9 

.04 

2.7 

.02 

2.3 

24 

.03 
.02 

1.6 
2.4 

.03 

1.9 

.02 

2.7 

.03 

2.5 

.04 

1.8 

.02 

3.1 

.02 

2.8 

.05 

4.0 

.04 

1.7 

.05 

1.5 

.05 

2.0 

a  The  averages  for  subgroups  15  to  23  were  computed  by  method  X. 
The  measurements  for  the  individual  pebbles  that  fall  in  tne  subgroups 
are  given  above  and  are  therefore  not  repeated.  The  figures  in  the  third 
column  represent  the  totals  from  which  the  averages  were  obtained. 


Subgroup. 

R 

AbsriRsa  and  ordinate. 

f0.03 

1.8 

.03 

2.0 

.04 

2.7 

.04 

2.4 

.02 

1.6 

.04 

2.4 

.05 

2.2 

.04 

1.1 

.04 

1.7 

.05 

2.0 

.04 

1.4 

24.-Coiitd. 

J  .04 
1  .04 

3.1 
3.3 

Method  X,  abscissa  0.036; 
)    ordinate  (97.1-i-43)  2.26. 

.05 

1.4 

.02 

2.0 

.04 

2.7  [ 

.03 

1.7 

.03 

3.6  , 

.05 

2.6 

.03 

2.0 

.03 
.06 

2.4 

97.1 

1.6 

.09 

1.2 

.09 

2.0 

.07 

1.7 

.06 

•    2.7 

.06 

2.9 

.09 

1.2 

.06 

3.0 

.09 

1.8 

.07 

1.7 

.07 

1.8 

.07 

3.5 

25 

.07 
.07 

1.3 
1.8  • 

Method  X,  abscicBa  0.075; 

.06 

2.4 

ordinate  (53.6-1-24)  2.23. 

.06 

2.2 

.08 

1.6 

• 

.09 

2.9 

.08 

2.2 

.08 

1.4 

.09 

3.2 

.08 

1.3 

.08 

4.2 

.07 

f  .12 

4.0 

53.6 

1.7 

.12 

1.8 

.10 

2.5 

.13 

2.0 

.12 

1.2 

.14 

2.1 

.13 

2.2 

26 

.  12 
.10 
.11 

2.1 
1.4 
1.7 

Method  X,  absciasa  0.12; 

ordinate  (29.3-h14)  2.09. 

.10 

1.7 

.10 

3.0 

.12 

2.7 

.14 

3.2 

29.3 
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Roundness  and  flatness  ratios  of  pebbles — Continued. 
Group  D,  flgnre  10— Continued. 


Subgroup. 

R 

Abscissa  and  ordinate. 

27 

f0.15 
.17 
.19 
.19 
.16 
.16 
.15 
.  15 
.18 
.17 
.16 
.16 

.23 
.30 
.•20 
.45 
.34 
.20 
.24 
.21 

L4 
2.9 
2.2 
1.2 

1.8 

1.7 : 

3.2 
1.2 
3.1 
1.1 
2.5 
1.4 

Method   X,   abscissa  0.17; 

ordinate  (23.7-^-12)  1.97. 

23.  7  j 

28 < 

1.7  ' 

2.7  . 

2.2 

1.8 

2.0, 

1.6 

1.9 

1.5 

Method  Y,  ahaoissa  (2.17-h 
►    8)  0.271 ;  ordinate  (15.4-s- 
8)  1.92. 

,2.  17  ;        15.  4  . 

It  is  evident  that  in  each  one  of  the  five 
groups  of  pebbles  the  flatness  and  roundness 
of  edges  stand  in  inverse  relation — that  is,  the 
more  rounded  the  edges  the  less  flat  the  pebbles. 
It  is  valid  to  assume  that  the  pebbles  with 
rounder  edges  have  been  longer  affected  by- 
wave  action  than  those  with  sharper  edges. 
The  former,  which  have  been  on  the  beach 
longer,  are  less  flat  than  the  latter,  which  have 
been  a  shorter  time  on  the  beach  and  are  nearer 
to  their  original  shape.  It  is  conclusively 
proved  that  at  these  two  beaches  the  pebbles 
become  less  flat  as  abrasion  proceeds  and  that 
any  predominance  of  flat,  discoid  forms  is  to  be 
attributed  to  the  flatness  of  the  original  frag- 
ments resulting  from  the  current  processes  of 
disruption.  Likewise  the  rather  common  roller- 
shaped  cobbles  and  pebbles  are  the  result  of  the 
rounding  and  smoothing  of  original  elongate 
fragments,  as  suggested  by  the  series  shown  in 
Plate  XXVI,  (7,  and  evidence  that  these  shapes 
are  the  result  of  any  special  sort  of  abrasion  or 
motion  was  not  seen  by  the  writer. 

The  data  are  insuflicient  to  warrant  drawing 
ideal  curves  correlating  the  diminution  of 
flatness  with  the  increase  of  roundness,  but  the 
definite  trend  described  above  is  established 
for  the  two  localities  visited.  In  figures  1 1  and 
12  are  shown  diagrammatically  the  average 


shapes  of  the  extreme  pebble  subgroups  at  the 
two  localities  with  regard  to  both  the  flatness 
and  the  roundness.  In  each  of  these  figures 
the  flatness  and  roimdness  shown  in  the  upper 
and  lower  diagrams  are  those  of  the  subgroupis 
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Figure  11.— Diagrams  showing  average  flatness  and  roundness  of  most 
angular  and  most  rounded  subgroups  of  pebbles  of  group  C  at  Nut- 
tasket,  Mass.  Top  diagram  represents  those  values  for  the  aventge  of 
the  30  pebbles  of  the  left-hand  subgroup  of  figure  8.  Bottom  diagram 
represents  these  values  for  the  two  pebbles  of  the  right-band  sub^roap 
of  figure  8. 
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Sizes  are  arbitrary,  but  dimensions  show  true  flatness  and  roundness 
ratios  as  indicated  in  the  equation  above. 

represented  by  the  dots  at  the  extreme  left  and 
extreme  right  of  figures  8  and  10,  respectively. 
It  will  be  noted  that  the  Nantasket  material 
yields  flatter  original  fragments  than  that  at 
Fort  Hale.  This  is  a  result  of  factors  related 
to  the  structure  of  the  rocks  and  the  processes 
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Figure  12.— Diagrams  showing  average  flatness  and  roundness  of  most 
angular  and  most  rounded  subgroups  of  pebbles  of  group  D  at  Fort 
liale,  Conn.  Top  diagram  represents  these  values  for  the  averacie  of  the 
43  pebbles  of  the  left-hand  subgroup  of  figure  10.  Bottom  diagram  rep- 
resents these  values  for  the  8  pebbles  of  the  right-hand  subgroup  of 
figure  10.    Notation  same  as  in  figure  11. 

and  conditions  of  disruption.  The  writer  has 
not  yet  made  a  study  of  this  important  aspect 
of  the  problem. 

Comparisons  of  the  average  roundness  of  the 
several    groups    follow.     All    the    pebbles    of 
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group  B  and  some  of  those  of  group  A  are  at 
an  unknown  distance  from  their  soiu'ce,  and 
little  can  be  said  about  them  except  that  they 
are  roimder  as  a  whole  than  those  of  groups 
C  and  D  shown  in  figures  8  and  10.  Between 
those  of  groups  C  and  D  an  interesting  com- 
parison can  be  made.  The  pebbles  of  group  C 
are  much  rounder  and  indicate  more  travel  or 
abrasion  than  those  of  group  D.  On  compar- 
ing the  average  roundness  of  the  two  groups 
on  the  basis  of  his  previous  studies  of  the  rela- 
tion between  abrasion  and  the  roimdness 
ratio  •  the  writer  finds  that  the  pebbles  of 
group  C  (Nantasket)  indicate  greater  wear  by 
abrasion  than  those  of  group  D  (Fort  Hale)  in 
the  approximate  ratio  of  3.4  to  1.  It  was 
found  by  abrasion  tests,  however,  that  the 
Nantasket  rock  requires  much  more  abrasion 
to  produce  a  given  degree  of  rounding  than  the 
Fort  Hale  rock.  The  ratio  is  approximately  5. 
On  multiplying  this  ratio  by  the  ratio  given 
above,  we  find  that  the  average  pebble  at  Nan- 
tasket represents  about  17  times  the  amount 

•  Wentworth,  C.  K.,  The  shapes  of  pebbles:  U.  S.  Oeol.  Survey  Bull. 
730,  pp.  91-114, 1022. 


of  abrasion  that  those  at  Fort  Hale  have  re- 
ceived. The  ratio  is  a  result  of  two  factors — 
the  violence  of  wave  action  and  the  effective- 
ness of  retention  of  the  same  pebbles  in  the 
zone  of  wave  action. 

Although  the  writer  has  ventured  to  ex- 
press the  ratios  in  numerical  form,  he  does  not 
wish  to  convey  any  false  impression  as  to  their 
accuracy.  He  is  aware,  probably  more  clearly 
than  the  reader,  of  the  extreme  complexity  of 
the  problem,  which  involves  a  large  number  of 
unknown  factors.  The  figures  given  are  be- 
lieved to  be  within  25  per  cent  of  the  truth, 
and  it  is  hoped  they  may  provoke  more  accu- 
rate and  extensive  investigation. 
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A  GEOLOGIC  RECONNAISSANCE  IN  THE  GULF  COASTAL  PLAIN  OF 

TEXAS,  NEAR  THE  RIO  GRANDE. 


By  A.  C.  Trowbridge. 


INTRODUCTION. 

During  June,  July,  and  August,  1919,  part 
of  June  and  all  of  July  and  August,  1920,  and 
parts  of  July  and  August,  1921,  the  writer, 
assisted  by  A.  G.  Maddren  in  1919  and  by 
W.  S.  Clock  and  Lloyd  North  m  1920,  and 
associated  with  L.  W.  Stephenson,  E.  W.  Berry, 
E.  B.  Stiles,  and  Senor  EnriqueDlaz  Lozano 
in  1921,  carried  on  recoHhaissaiice^  work  along 
the  Rio  Grande  in  the  southern  extremity  of 
Texas.  As  there  seems  to  be  immediate  need 
for  a  map  and  a  brief  description  of  the  for- 
mations on  the  Texas  side  of  the  Rio  Grande, 
to  serve  as  a  key  for  important  stratigraphic 
work  in  progress  both  in  the  United  States  and 
Mexico,  it  has  been  decided  to  prepare  and  pub- 
lish now  a  preliminary  report  and  map,  which 
will  show  the  general  results  of  the  work 
already  done. 

For  aid  in  the  preparation  of  this  report  the 
writer  is  indebted  to  Dr.  T.  W.  Vaughan,  imder 
whose  direction  the  field  studies  were  made 
and  the  report  was  prepared;  to  Dr.  Julia 
Gardner,  who  identified  the  molluscan  faunas ; 
to  Prof.  E.  W.  Berry,  who  aided  in  the  collec- 
tion of  the  floras  and  identified  them;  to  Dr. 
J.  A.  Udden,  who  kindly  supplied  well  logs 
from  the  files  of  the  Bureau  of  Economic  Geo- 
logy and  Technology  of  the  University  of  Texas ; 
to  Mr.  C.  L.  Baker,  with  whom  the  writer  has 
cfirried  on  correspondence  and  from  whom  he 
has  received  information  and  suggestions ;  to  Mr. 
G.  C.  Matson,  who  has  already  covered  the  field 
and  whose  field  notes  and  maps  were  available 
for  the  writer^s  use;  to  Mr.  E.  T.  Dimible,  who 
freely  gave  his  opinion  on  several  difficult  ques- 
tions ;  and  to  Mr.  Alexander  Deussen,  who  by  oral 
conference  and  by  correspondence  gave  valu- 
able assistance.  Eighty-two  published  articles 
that  bear  more  or  less  directly  on  the  problems 
of  the  region  were  freely  consulted. 


GEOGRAPHY  OF  THE  REGION. 

The  region  here  considered  is  bordered  on 
the  south  and  west  by  the  Rio  Grande  which 
forms  the  International  Boundary,  a  part  of 
its  eastern  border  is  the  Gulf  of  Mexico,  and  on 
the  northwest  and  north  it  is  limited  by  the 
line  of  contact  between  the  Cretaceous  and 
Tertiary  systems  as  mapped  by  Stephenson.* 
Roughly  sketched,  this  line  of  contact  extends 
from  a  point  about  5  miles  south  of  Uvalde, 
in  Uvalde  Coimty,  westward  and  southweat- 
ward  through  Pulliam,  in  the  same  coimty, 
and  thence  southwestward  and  southward 
through  Maverick  County  to  a  point  on  the 
Rio  Grande  about  3  miles  north  of  the  Ma- 
verick-Webb county  line  and  about  35  miles 
downstream  from  Eagle  Pass.  The  eastern, 
northeastern,  and  northern  boimdary  of  the 
area  considered  is  represented  by  a  line  drawn 
from  a  point  about  5  miles  south  of  Uvalde 
nearly  southward  to  Canizo  Springs,  in 
Dimmit  Coimty,  thence  southeastward  to 
Hebbronville,  in  Jim  Hogg  Coimty;  thence 
eastward  through  Falfurrias,  in  Brooks  Coimty, 
and  Sarita,  in  Willacy  Coimty,  to  the  Gulf  of 
Mexico.  This  line  corresponds  in  part  with 
the  south  and  west  boundary  of  a  large  area 
southwest  of  Brazos  River  that  was  surveyed 
by  Deussen,  whose  report  is  now  in  press.' 
The  counties  included  in  the  Rio  Grande 
region  are  extreme  south-central  Uvalde, 
western  Zavalla,  eastern  Maverick,  western 
Dinmiit,  and  all  or  most  of  Webb,  Zapata, 
Jim  Hogg,  Starr,  Brooks,  Hidalgo,  Willacy, 
and  Cameron.  The  total  area  considered  is 
about  13,500  square  miles,  nearly  one  twentieth 
of  the  State  of  Texas. 

1  Stephenson,  L.  W.,  The  Cretaceous-Eoceoe  contact  in  the  Atlantic 
and  Gulf  Coastal  Plain:  U.  8.  Oeol.  Survey  Prof.  Paper  90,  pi.  15, 1915. 

*  Deussen,  Alexander,  Geology  of  the  Coastal  Plain  region  of  TezaK 
U.  S.  Geol.  Survey  Prof.  Paper  126. 
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The  region  defined  above  lies  wholly  within 
the  Rio  Grande  Plain  of  Hill  and  Vaughan.' 
The  Balcones  faulted  zone,  which  separates 
this  plain  from  the  Edwards  Plateau,  lies  20 
to  75  miles  north  of  the  Cretaceous-Eocene 
line.  At  the  landward  edge  of  the  territory 
the  elevation  above  the  Gulf  averages  about 
800  feet,  and  from  this  elevation  there  is  a 
gradual  slope  to  sea  level  at  the  Gulf.  Al- 
though no  part  of  the  region  has  high  relief, 
the  part  along  the  Rio  Grande  from  the  Webb- 
Maverick  county  line  to  Fort  Sam  Fordyce 
is  notably  rougher  than  that  farther  away  from 
the  river  and  that  along  the  Gulf. 

The  rough  belt  near  the  river  is  commonly 
spoken  of  as  ^'the  breaks  of  the  Rio  Grande,'^ 
and  its  roughness  is  due  to  the  erosional  work 
done  by  many  intermittent  tributaries.  The 
width  of  the  belt  is  not  the  same  throughout 
but  is  determined  in  any  area  by  the  length 
of  the  tributary  streams  there.  These  streams 
average  not  more  than  15  miles  in  length,  but 
as  most  of  them  have  only  shallow  valleys  in 
their  upper  stretches  the  ''breaks"  they  form 
are  generally  less  than  15  miles  wide.  Al- 
though the  relief  at  most  places  in  this  belt 
does  not  exceed  100  feet,  there  are  localities 
where  the  tops  of  the  highest  hills  stand  more 
than  250  feet  above  the  Rio  Grande.  In 
general  both  the  relief  and  the  roughness 
decrease  with  the  decrease  in  average  altitude 
downstream.  It  is  in  this  belt  that  the  best 
and  the  most  numerous  exposures  of  the  rock 
formations  are  found. 

The  more  nearly  flat  land  east  of  the 
*' breaks ''  is  divided  into  two  parts  by  a  con- 
spicuous cuesta  known  as  the  Bordas  scarp. 
This  scarp  and  the  trench  cut  by  the  Rio 
Grande  are  the  only  notable  topographic 
features  of  the  region. 

The  Bordas  scarp  crosses  the  northeast  bor- 
der of  the  territory  mapped  at  a  point  7  miles 
northeast  of  Torrecillas,  about  38  miles  east  of 
Laredo  and  100  miles  from  the  Gulf,  and  from 
this  point  it  extends  southwestward  to  Torre- 
cUlaSy  thence  southward  to  Ojuelos,  and  thence 
in  a  somewhat  irregular  course,  generally  south- 
ward and  a  bit  eastward,  and  is  cut  through  by 
the  Rio  Grande  at  Rio  Grande  City.  In  gen- 
eral the  scarp  follows  the  course  of  the  base  of 
the  Reynosa  formation,  whose  resistant  rocks 

»  Hill,  R.  T.,  and  Vaughan,  T.  W.,  Geology  of  the  Edwards  Plateau 
and  Rio  Grande  Plain  adjacent  to  Austin  and  San  Antonio,  Tex.: 
U.  8.  Geol.  Survey  Eighteenth  Ann.  Kept.,  pt.  2,  pp.  193-322, 1898. 


produced  it.  As  the  land  slopes  steeply  west- 
ward and  almost  imperceptibly  eastward  from 
its  crest  this  scarp  is  conspicuous  only  if  viewed 
from  the  west. 

The  area  between  the  breaks  of  the  Rio 
Grande  and  the  Bordas  scarp  is  not  rough. 
Its  gentle  southward  and  eastward  (Gulfward) 
slope  is  broken  only  by  shallow  valleys  of  the 
heads  of  tributaries  of  the  Rio  Grande,  the 
many  low  hills  due  to  the  outcrops  of  the  lenses 
of  rock  slightly  more  resistant  to  subaerial  ero- 
sion (which  is  here  of  slight  effect),  and  the 
scattered  depressions  scooped  out  by  the  wind 
and  the  corresponding  slight  elevations  formed 
by  material  blown  from  the  depressions.  Few 
square  miles  in  this  plain  have  a  relief  of  as 
much  as  50  feet,  and  some  of  them,  so  far  as 
the  eye  can  see,  are  almost  flat. 

Except  an  area  of  sand  dunes,  which  covers 
about  2,800  square  miles,  chiefly  in  Willacy, 
Brooks.  Hidalgo,  and  Jim  Hogg  counties,  and 
a  narrow  strip  extending  for  20  miles  along  the 
river  between  Rio  Grande  City  and  Sam  For- 
dyce, the  part  of  the  region  east  of  the  Bordas 
scarp  is  notably  flat.  The  areas  near  the  scarp, 
however,  are  slightly  more  undulatory  than  the 
areas  near  the  coast,  where  the  surface  gener- 
ally stands  less  than  50  feet  above  sea  level 
and  where  there  is  no  visible  reUef  except  that 
produced  by  an  occasional  ''clay  butte"  or  a 
shallow  stream  channel  or  "resaca."  This 
smoothness,  however,  is  broken  by  the  chan- 
nel of  the  Rio  Colorado,  a  distributary  of  the 
Rio  Grande,  which  in  places  is  40  feet  deep 
and  has  vertical  walls. 

In  the  sand  belt  the  reUef  is  measured  by 
the  heights  of  the  dunes  and  the  depths  of  the 
' '  blow-outs, '  ^  but  even  there  it  does  not  exceed  25 
feet  on  an  average  and  60  feet  at  a  maximiun. 

The  lower  Rio  Grande  region,  which  is  the 
southernmost  part  of  the  United  States  except 
southern  Florida  and  the  Florida  Keys,  receives 
much  heat  through  insolation,  and  its  tempera- 
ture is  therefore  high.  The  average  annual 
temperature  is  about  12^  F.,  and  the  range  is 
from  20°  in  January  to  llO""  in  July.  The 
sensible  heat  of  summer  is  greatly  reduced  by 
constant  east  winds  of  the  monsoon  type.  The 
nights  are  comfortable,  except  a  few  dxiring 
which  cloudiness  retards  radiation  and  the  wind 
dies  down.  The  region  is  scmiarid.  There  are 
long  periods  of  drought,  and  when  it  does  rain 
the  water  falls  in  great  quantities,  so  that  dry 
creek  beds  run  full  and  roads  become  airoyos. 
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The  rainfall  in  1910  was  12  inches,  in  1915  16 
inches,  and  in  1916  14  inches.  The  rainfall  at 
Eagle  Pass  in  1908  was  15.16  inches  and  in  1909 
8.63  inches.  At  some  places  there  was  no  rain 
at  all  for  three  years  prior  to  the  fall  of  1918. 
The  vegetation,  which  varies  in  luxuriance 
with  the  rainfall,  consists  of  wild  grasses,  mes- 
quite,  guajillo,  catclaw,  prickly  pear,  and  other 
fonns  of  cactus,  and  many  other  plants,  which 
together  make  up  what  is  known  as  chaparral 
or  brush.  Large  trees  are  found  only  along 
the  main  streams,  where  pecans  grow,  and  on 
dimes  in  the  sand  belt,  which  bear  live  oaks. 
The  open  grassy  prairie  on  the  coastal  flats  is 
broken  here  and  there  by  dense  thickets  of 
low  live  oak  brush. 

STRATIGRAPHY. 
GENERAL  FEATTJBES. 

The  beds  of  rock  dip  at  low  angles  Gulfward 
from  the  Cretaceous-Eocene  line,  and  succes- 
sively younger  formations  are  therefore  exposed 
at  the  sm^ace  in  wide  belts  east  and  southeast 
of  that  line.  The  Rio  Grande  flows  in  general 
southeastward  in  a  course  that  is  oblique  to  the 
strike  of  the  formations  but  that  is  at  some 
places  parallel  with  the  strike  and  at  others 
parallel  with  the  dip.  It  flows  from  older  to 
younger  beds,  but  its  gradient  is  so  slightly 
less  than  the  dip  of  the  beds  and  so  nearly 
parallel  with  the  strike  for  considerable  dis- 
tances that  the  formations  change  only  at  in- 
tervals of  many  miles  along  the  river. 

The  formations  are  of  Tertiary  and  Quater- 
nary age.  Eocene  formations,  which  lie  imcon- 
formably  on  Cretaceous  formations  along  the 
irr^ular  north  boimdary,  continue  at  the  sur- 
face eastward  along  the  Texas-Mexican  Railroad 
as  far  as  Torrecillas  and  southward  and  south- 
eastward along  the  Rio  Grande  almost  to  Sam 
Fordyce.  Oligocene  and  Miocene  formations, 
which  are  exposed  on  the  Gulf  Coastal  Plain 
farther  north,  do  not  outcrop  in  the  lower  Rio 
Grande  region,  the  Oligocene  probably  because 
they  do  not  exist  here  and  the  Miocene  because 
they  are  covered  by  a  great  overlap  of  Pliocene 
rocks.  Pliocene,  Pleistocene,  and  Recent  de- 
posits are  exposed  at  the  surface  over  wide 
areas  east  of  the  Bordas  scarp.  (See  PI. 
XKVIII.) 

CBETACEOnS   SYSTEM. 

Rocks  of  Cretaceous  age  crop  out  extensively 
in  the  Edwards  Plateau,  in  the  northern  part  of 
the  Gulf  Coastal  Plain,  and  elsewhere  in  Texas, 


and  form  a  great  system,  but  these  areas  lie 
outside  of  the  region  here  described.  This 
system  in  Texas  has  long  been  well  known, 
chiefly  through  the  earlier  work  of  R.  T.  Hill.* 
More  recently  Udden  *  and  his  assistants  have 
published  a  summary  of  the  geology  of  Texas, 
in  which  the  Cretaceous  rocks  are  classifled, 
described,  and  interpreted,  and  L.  W.  Stephen- 
son is  now  completing  certain  work  north  of  the 
Cretaceous-Eocene  line. 

THE   CRETACEOUS-BOCENE  UNE. 

As  Stephenson  •has  recently  reported  on  the 
contact  between  the  rocks  of  the  Cretaceous 
and  the  Tertiary  system  in  the  lower  Rio 
Grande  region,  the  writer  gave  relatively  little 
attention  to  this  line  of  stratigraphic  division. 
The  line  is  shown  on  the  map  essentially  as  it 
was  drawn  by  Stephenson,  and  the  contact,  at 
least  between  the  Rio  Grande  and  Nueces 
River,  is  essentially  as  he  describes  it.  There  is 
no  marked  lithologic  break  at  the  contact, 
though  Stephenson  found  evidence  of  physical 
imconformity  in  Texas,  as  did  Baker  ^  on  the 
Mexican  side  of  the  border,  but  the  systemic 
significance  of  such  unconformities  is  difficult 
to  recognize,  especially  in  parts  of  the  geologic 
column  where  locally  imconformities  are  com- 
mon. The  faimal  break,  however,  is  great  and 
its  significance  is  imquestionable.  Not  a  single 
species  is  common  to  the  faunas  below  and 
above  the  break  and  many  genera  that  occur  in 
the  Cretaceous  are  missing  in  the  Eocene.  As 
Vaughan  *  pointed  out  in  1900,  it  is  clear  that 
the  imconformity  at  this  horizon  is  really  great, 
even  though  lithologically  and  stratigraphically 
it  appears  insignificant.  In  the  Rio  Grande 
region  a  long  time  must  have  elapsed  between 
the  end  of  the  recorded  Cretaceous  and  the 
beginning  of  the  recorded  Eocene. 

TEBTIABT   SYSTEM. 
EOCENE    SEBIES. 

The  history  of  Eocene  classification  in  the 
West  Gulf  Coastal  Plain  has  been  long  and  com- 
plicated. Many  synonymous  and  overlapping 
formation  names  have  been  used,  and  correla- 
tions have  been  made  which  have  later  been 

<  Hill,  R.  T.,  The  Texas  section  of  the  American  Cretaceous:  Am.  Jour. 
Sci.,  3d  ser.,  vol.  34,  pp.  287-309, 1887. 

»  Udden,  J .  A.,  Baker,  C.  L.,  and  BOse ,  Emil,  Review  of  the  geology  of 
Texas:  Texas  Univ.  Bull.  44, 1916. 

«  Op.  dt.,  pp.  109-181. 

7  Baker,  C.  L.,  i>ersonal  communication. 

t  Vaughan,  T.  W.,  Reconnaissance  in  the  Rio  Orande  coal  fields  of 
Texas:  U.  S.  Oed.  Survey  Bull.  104,  pp.  3&-36, 1900. 
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found  to  be  incorrect.  The  following  classifi- 
cation seems  to  represent  the  present  knowledge 
of  the  Eocene  series  in  this  region: 

Frio  clav  1    ^ ,    , 

Fayette'sandrtonel'^f  ^^^"^  "K*)- 
Claiborne  group: 

Yegua  formation. 

Cook  Mountain  formation. 

Mount  Selman  formation. 
Wilcox  group: 

Bigford  formation  (chiefly  contemporaneous  with  Car- 
rizo  sandstone  but  in  part  younger). 

Carrizo  sandstone. 

Indio  formation. 
Midway  formation. 

These  formations  are  lithologically  so  very 
similar  that  their  discrimination  as  units  in 
mapping  is  extremely  difficult,  and  the  lines  of 
contact  shown  on  the  map  should  therefore  be 
considered  only  tentative,  though  there  are 
slight  differences  in  the  rocks,  which,  taken 
together  with  their  more  significant  faimas  and 
floras  make  it  possible  to  separate  the  forma- 
tions with  some  confidence. 

MIDWAT  FOBMATION. 

Distrihviion. — The  formation  once  known  as 
the  "Basal  or  Wills  Point  clays,''  now  called 
the  Midway  formation,  crops  out  only  in  a  short 
and  narrow  belt  in  southern  Maverick  County. 
Its  outcrop  is  not  a  continuous  belt  along  the 
Cretaceous-Eocene  line  of  contact,  for  it  is 
overlapped  in  southern  Uvalde,  western  Za- 
valla,  and  northeastern  Maverick  counties  by 
strata  of  Wilcox  age.  The  outcrop  is  also  ob- 
sciired  by  patches  of  gravel  belonging  to  the 
Reynosa  formation,  of  probable  Pliocene  age. 

ReUUions  to,  adjacent  formations, — The  Mid- 
way formation  lies  disconformably  on  the  Es- 
condido  formation  of  the  Cretaceous  system. 
There  is  also  a  great  time  break  at  this  horizon 
and  another  at  the  top  of  the  Midway,  where 
it  is  overlapped  by  strata  of  Wilcox  age.  The 
unconformable  contact  between  the  Midway 
below  and  the  Wilcox  above  is  well  exposed  (1) 
at  the  north  end  of  the  westward-facing  bluff 
of  the  Rio  Grande  in  extreme  southern  Maver- 
ick County,  2  miles  north  of  the  Webb  County 
line,  and  (2)  on  the  west  wall  of  the  valley  of 
Frio  River  at  Bob  Evans's  apiary  (Myrick's 
lower  apiary  of  the  Uvalde  folio),  in  Uvalde 
County,  12  miles  east  of  the  Rio  Grande  region, 
as  mapped  in  this  report.  In  each  of  these  sec- 
tions the  line  between  the  Midway  and  Wilcox 
formations  is  the  edge  of  an  erosional  surface 


and  the  basal  Wilcox  is  conglomeratic,  the 
pebbles  being  worn  fragments,  fossils,  and  con- 
cretions of  iron  carbonate  derived  from  the 
imderlying  Midway.  There  is  a  great  uncon- 
formity between  the  Midway  and  the  Reynosa, 
the  gravels  of  the  Reynosa  having  been  de- 
posited on  a  sm^ace  which  bevels  the  Midway 
and  all  other  Eocene  strata. 

Character, — The  Midway  formation  consists 
chiefly  of  shale,  but  includes  interbedded  lenses 
and  layers  of  sandstone  and  limestone.  At  the 
base  of  the  formation  in  some  places  there  are 
thin  and  discontinuous  beds  of  conglomerate 
containing  abraded  fragments  of  rock  and  fos- 
sils derived  from  the  underlying  Escondido  for- 
mation. Heavy  ledges  of  limestone  overlie  the 
conglomerate  or  form  the  basal  beds  when  there 
is  no  conglomerate.  The  limestone  is  gray, 
compact,  and  in  some  places  crystalline,  and  it 
contains  fossils.  The  beds  are  at  few  places 
more  than  IJ  feet  thick  and  are  interbedded 
with  greenish-gray  sand  1  to  2  feet  thick.  The 
shale  is  generally  dark,  and  some  beds  are  black, 
but  the  colors  include  green,  brown,  gray, 
bluish  gray,  and  blue.  Some  of  the  beds  are 
notably  pure,  but  many  are  sandy  or  silty  and 
gypsiferous.  Individual  beds  do  not  exceed 
40  feet  in  thickness.  The  beds  of  sandstone 
are  gray,  yellowish,  brownish,  or  greenish,  and 
are  irregularly  and  thinly  bedded.  Many  are 
micaceous  and  some  are  glauconitic.  Most  of 
them  are  rather  soft,  but  some  are  firm.  They 
vary  in  texture  but  are  generally  fine  grained. 
Throughout  the  formation,  but  chiefly  in  the 
shale,  there  are  nmnerous  concretions,  which 
range  in  diameter  from  6  inches  to  10  feet,  are 
generally  flat  or  biscuit-like,  and  consist  chiefly 
of  limestone.  Many  are  septaria  or  "turtle 
stones. '^  Some  of  the  smaller  ones  are  pyri- 
tized,  some  are  clay  ironstones,  and  some  con- 
sist of  iron  carbonate. 

A  typical  section  of  the  formation  on  the 
Texas  side  of  the  Rio  Grande,  a  mile  below  the 
Bless6  ranch,  on  the  Mexican  side,  is  given 
below : 

Section  of  the  Midway  formation  in  Texa$  near  the  BUsti 

ranch,  Mexico. 


Shale 7 

Iron  concretions 1 

Shale 5 

Concretionary  aandstone \ 

Blue-black  eliale  with  abundant  Vcnericardia  smithii,  12 
Concretionary     iron     bed     containing     Venericardia 

smithii 1 
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Feet. 

IDark-gray  shale  containing  disc-shaped  iron  concre- 
tions and  a  few  gastropods 25 

Thin  and  irregularly  bedded  sandstone,  interbedded 
near  the  top  with  sandy  shale 15 

67 

Thickness, — ^As  the  dip  of  the  Tertiary  forma- 
tions may  not  be  entirely  deformational  but 
may  have  been  in  part  original,  the  usual 
methods  of  determining  thickness  from  the  out- 
crops are  of  no  great  .value.  In  any  case,  the 
Midway  formation  is  probably  nowhere  exposed 
in  its  full  thickness  because  of  the  Wilcox  overlap. 
Only  where  it  has  been  drilled  through  for  oil 
or  water  and  where  its  base  and  top  can  be  de- 
termined from  the  log  or  from  samples  of  the 
core  can  its  true  thickness  be  estimated.  Only 
one  such  boring  is  known  in  the  Rio  Grande 
region — the  L.  E.  Hanchett  oil-prospecting 
well,  10  miles  west  of  Carrizo  Springs.  The 
log  of  this  well  shows  that  the  formation  is  194 
feet  thick.  The  average  of  all  estimates  of  its 
thickness  outside  of  the  Rio  Grande  region  but 
near  it  is  216  feet. 

Fossils, — ^The  fossils  collected  from  the  Mid- 
'way  formation  of  this  and  neighboring  districts 
l>y  the  writer  and  others  are  listed  below: 

Aporrhais  sp. 

Gallocardia  ripleyana  (Gabb). 

Calyptrophonis  velatns  subsp.  compressus  Aldiich. 

Oerithium  penrosei  Harris. 

Cerithium?  sp. 

Crassatellites  gabbi  (Safford). 

Cucullaea  (macrodonta  subsp.?)  texana  Gardner. 

Cypraea  sp. 

Enclimatoceras  vaughani  Gardner. 

Fusus  ostrarupis  Harris. 

Leda  milamcnsis  Harris. 

Lithophaga  sp. 

Mesalia  pumila  subsp.  wilcoxiana  Aldrich. 

Mesalia  sp. 

Modiolus  saffordi  (Gabb)? 

Natica  sp. 

Ostrea  crenulimarginata  Gabb. 

Ostrea  pulaskensis  Harris. 

Plejona  limopsis  (Conrad). 

Plejona  rugata  (Conrad). 

Pseudoliva  ostrarupis  Harris. 

Teredo  maverickensis  Gardner. 

Turris  anacona  (Harris). 

Turritella  alabamiensis  Whitfield. 

Turritella  humerosa  Conrad. 

Turritella  mortoni  Conrad. 

Turritella  nerinexa  Harris. 

Venericardia  bulla  Dall. 

Venericardia  (alticostata  subsp.?)  hesperia  Gardner. 

Venericardia  smithii  Aldrich. 

Venericardia  (alticostata  subsp.?)  whitei  Gardner. 

Yoldia  eborea  (Conrad). 


WILOOX  QKOXTP. 


SUBDIVISIONS. 


A  thick  set  of  lithologically  complex  beds 
lies  stratigraphically  between  the  top  of  the 
Midway  and  the  base  of  the  Mount  Selman 
formation.  These  beds  have  been  variously 
known  as  the  "Ldgnitic,''  the  ''Sabine,"  the 
''Sabine  River,''  and  the  "Timber  Belt,''  each 
of  these  names  including  all  strata  between  the 
top  of  the  "Basal  clays"  (Midway  formation) 
and  the  base  of  the  "Marine  beds"  (Claiborne 
group) .  Owen  ^  first  segregated  a  notably 
sandy  phase  of  the  "Lignitic"  and  called  it  the 
Carrizo  sandstone,  from  the  town  of  Carrizo 
Springs,  where  it  is  characteristically  developed 
and  well  exposed.  After  the  upper  sands  were 
separated  and  named  the  underlying  beds  were 
correlated  with  the  Wilcox  of  Mississippi  and 
called  by  the  same  name.  Vaughan*®  con- 
sidered the  Carrizo  formation  a  transgressive 
phase  of  the  Wilcox.  More  recently  Udden, 
Baker,  and  Bose  "  have  tentatively  considered 
it  the  oldest  formation  of  the  Claiborne  group. 
In  a  still  later  geologic  publication  of  the 
University  of  Texas  Liddle  "  placed  the  Carrizo 
of  Medina  Coimty  in  the  Claiborne  group  with- 
out qualification.  Deussen  "  found  that  it  lay 
imconformably  on  Wilcox  beds  and  imcon- 
formably  beneath  the  Mount  Selman  formation 
between  Brazos  and  Nueces  rivers,  and  Baker  ** 
reported  an  unconformity  between  the  Carrizo 
and  underlying  beds  of  Wilcox  age  on  the 
Arroyo  del  Amole,  on  the  Mexican  side  of  the 
Rio  Grande,  across  the  river  from  the  Chupa- 
dero  ranch.  As  imconformities  are  common 
in  the  Wilcox  and  as  neither  the  Wilcox  nor  the 
Carrizo  contains  fossils  other  than  plants  that 
had  not  been  critically  studied,  the  age  of  the 
Carrizo  sandstone  was  an  open  question  imtil 
1921,  when  fossil  plants  were  collected  imder 
the  direction  of  E.  W.  Berry  from  the  lower 
beds  of  the  Wilcox,  from  the  Carrizo,  and  from 
beds  above  the  Carrizo  but  below  the  Mount 
Selman.  As  a  result  of  these  studies  of  the 
flora  and  an  investigation  of  the  lithology  of  the 
lignitic  beds,  the  WUcox  is  here  recognized  as 

•  Owen,  J.,  Report  of  geologists  for  southern  Texas:  Texas  Geol.  and 
Min.  Survey  First  Rept.  Progress,  for  1888,  pp.  0^74, 1880. 

10  Vaughan,  T.  W.,  Index  to  the  stratigraphy  of  North  America  (by 
Bailey  Willis  and  others):  U.  8. 0eol.  Survey  Prof.  Paper  71,  p.  726, 1912. 

"  Op.  cit.,  pp.  83-84. 

IS  Liddle,  R.  A.,  The  geology  and  mineral  resources  of  Medina  County: 
Texas  Univ.  Bull.  1860,  pp.  87-93, 1918  [1921). 

1*  Deussen,  Alexander,  Geology  of  the  Coastal  Plain  region  of  Texas: 
U.  S.  Geol.  Survey  Prof.  Paper  126  (in  press). 

i<  Baker,  C.  L.,  personal  communication. 
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a  group;  consisting  of  three  formations,  here 
named,  in  ascending  order,  the  Indio  formation, 
the  Carrizo  sandstone,  and  the  Bigford  forma- 
tion. 

INDIO  FORMATION. 

Name. — The  strata  overlying  the  marine 
Midway  formation  and  miderlying  the  Carrizo 
sandstone  are  here  called  the  Indio  formation. 
These  strata  have  mitil  now  been  known  as 
the  Wilcox  formation,  for  they  were  believed 
to  represent  all  the  deposits  of  Wilcox  age  in 
this  region.  The  new  formation  name  is  made 
necessary  by  the  fact  that  the  Wilcox  as  here 
developed  becomes  a  group  divisible  into  three 
formations,  of  which  the  Indio  is  the  basal  one. 
The  Indio  formation  is  named  from  the  old 
Indio  ranch,  in  Maverick  and  Dimmit  counties, 
which  includes  most  of  the  area  of  outcrop  of 
the  formation. 

Character, — ^Although  it  is  made  up  of  an 
intricate  mixture  of  sediments,  the  Indio  for- 
mation consists  chiefly  of  thin-bedded  and 
laminated  argillaceous  sand  and  arenaceous 
shale  but  includes  some  layers  of  massive  clay 
and  lenses  and  layers  of  sandstone.  The  clay 
and  shale  are  greenish  or  bluish  gray  and  light 
chocolate-brown,  and  most  of  them  are  gypsif- 
erous.  The  sandstone  is  gray,  yellow,  green, 
and  brown,  is  not  notably  cross-bedded,  and 
is  of  various  textures.  It  includes  also  some 
beds  of  Ugnite  and  many  calcareous  and  arena- 
ceous concretions,  most  of  them  flat,  biscuit- 
shaped,  or  millstone-shaped  bodies. 

Until  recently  no  marine  sediments  have 
been  found  in  the  Wilcox  group  except  along 
Sabine  River,  but  the  discovery  of  marine 
Foraminifera  between  125  and  148  feet  from 
the  surface  and  500  feet  above  the  base  of  the 
Indio  formation  in  the  L.  E.  Hanchett  oil 
drillings  Nos.  1  and  2,  about  10  miles  west  of 
Carrizo  Springs,  in  Dimmit  County,"  shows 
that  the  Gulf  advanced  over  the  low-lying 
lands  at  least  once  for  a  short  time  during  the 
Indio  epoch.  Beds  of  Ostrea  txisex  Gardner 
also  are  known  west  of  the  Hanchett  wells  and 
at  and  south  of  the  Glass  ranch  headquarters, 
in  Maverick  Coimty,  and  in  the  San  Pedro 
sheep  pasture,  19  miles  southwest  of  Carrizo 
Springs,  in  Dimmit  Coimty.  This  form  is  sim- 
ilar to  0.  crenvlimarginaiay  which  is  of  Midway 
age,  but  is  not  identical  with  it.     The  oysters 

^  Well  log  and  description  of  samples  supplied  independently  by 
J.  A.  Udden  and  C.  L.  Baker. 


and  the  Foraminifera  appear  to  occur  at  the 
same  horizon. 

The  formation  is  partly  marine  and  partly 
nonmarine  and  was  deposited  on  both  sides  of 
a  shore  line  on  the  landward  side  of  which  the 
land  was  low  and  on  the  opposite  side  of  which 
the  sea  was  shallow.  The  shore  line  probably 
oscillated  back  and  forth  slowly  during  Indio 
time. 

Distribution, — The  Indio  formation  crops  out 
in  the  Rio  Grande  region  in  a  belt  10  to  14  miles 
wide  in  western  Dimmit,  southeastern  Mav- 
erick, and  northwestern  Webb  coimties,  where 
it  is  exposed  in  practically  its  full  thickness. 
Here  it  adjoins  the  Midway  on  the  west  and 
the  Carrizo  on  the  east.  Farther  north,  in 
Maverick  County,  the  Indio  overlaps  the  Mid- 
way and  rests  upon  the  Cretaceous.  Still 
farther  north,  in  western  Dimmit  and  Zavalla 
coimties  and  eastern  and  northeastern  Mav- 
erick County,  the  Indio  is  in  turn  cut  out  by  a 
great  overlap  of  the  Carrizo  on  the  Cretaceous. 
In  the  extreme  northeast  comer  of  the  r^on  the 
Indio  crops  out  again  between  the  Cretaceous 
and  the  Carrizo  where  Nueces  River  has  cut 
through  the  overlying  and  overlapping  Carriiso 
sandstone. 

Thickness. — ^The  thickness  of  the  Indio 
recorded  in  the  Hanchett  wells,  in  Dimmit 
County,  is  648  feet,  and  as  these  wells  are  only 
about  a  mile  west  of  the  eastern  boundary  of  the 
formation  at  a  point  where  the  belt  of  outcrop 
is  widest,  the  maximum  thickness  of  the  Indio 
exposed  probably  does  not  exceed  700  feet. 
Other  layers  that  are  covered  by  the  Carrizo 
overlap  may  or  may  not  overlie'  those  which. 
crop  out. 

Fossils. — ^With  the  exception  of  Foraminif- 
era, oysters,  and  a  few  fossil  leaves,  the  India 
formation  is  f aimally  and  florally  barren  in  the 
Rio  Grande  region.  The  protozoans  include 
Nodosariaj  Textvlaria,  and  Gflohigerina.  The 
moUusks  are  Ostrea  ta^ex  Gardner  and  Levi^ 
fusus  sp.  cf.  L.  trabeatoides  Harris. 

Fossil  plants  were  found  (1)  on  the  west  wall 
of  the  valley  of  Nueces  River  a  mile  below  Pul- 
liam  ranch,  (2)  on  the  east  wall  of  the  valley  of 
Nueces  River  at  the  big  bend  1{  miles  above 
the  Uvalde-La  Pryor  road  crossing,  (3)  in  the 
clay  pit  at  the  end  of  the  unused  aerial  tram 
south  of  Elmendorf ,  Bexar  County,  and  (4)  at 
the  Schuddemagen  ranch,  10  miles  south  of 
Sabinal,  Uvalde  Coimty.    Localities  3  and  4 
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are  outside  the  Rio  Orande  region.     A  list  of 
identified  species  follows : 

Anona  ampla  Berry. 
Anona  eolignitica  Berry. 
Cyperites  sp.  Hollick. 
FicuB  miHHiBHJppienBiB  Berry. 
Nectandra  sp. 

Oreodaphne  obtuaif olia  Berry. 
Rhamnus  coushatta  Berry. 
Sabalites  grayanuB  Leequereux. 
Sapindus  linearifolius  Berry. 

CARRIZO   SANDSTONE. 

Diatribution. — ^The  base  of  the  Carrizo  was 
located  by  Owen  *•  at  a  point  10  miles  west  of 
Carrizo  Springs,  and  the  formation,  which  is 
made  up  of  sandy  beds,  extended  eastward  to 
the  base  of  the  '^Marine  beds/^  east  of  Asher- 
ton,  occupying  a  belt  about  20  miles  wide. 
When  it  is  traced  southward,  however,  the  belt 
of  sands  becomes  narrower  until,  at  the  Rio 
Grande,  it  is  only  3  miles  wide.  The  strata 
that  cover  it  here  are  not  prevailingly  sandy 
and  are  what  is  here  called  the  Bigford  forma- 
tion. North  of  Carrizo  Springs  the  Carrizo 
formation  spreads  northwestward  to  the  Cre- 
taceous rocks,  overlapping  both  the  Indio  and 
the  Midway.  Northeast  of  Carrizo  Springs, 
outside  the  region  shown  on  the  map,  the  belt 
of  Carrizo  sandstone  becomes  narrower,  the 
Bigford  formation  here  also  probably  wedging 
in  between  the  Carrizo  and  the  Mount  Selman. 

RdaJtions  to  adjdcent  formations. — ^The  Car- 
rizo sandstone  rests  unconformably  upon  the 
Indio  by  overlap.  In  the  area  east  of  the  out- 
crop of  the  contact,  however,  where  the  full 
thickness  of  the  Indio  is  represented,  the  sim- 
ilarity of  the  flora  indicates  that  the  relations 
are  conformable.  The  relation  between  the 
Carrizo  and  the  Bigford  formation  is  appa- 
rently conformable.  Differences  in  flora  suggest 
a  break  between  the  Carrizo  and  the  Mount 
Selman,  and  there  are  indications  of  unconform- 
ity where  the  two  come  together  in  the  railroad 
cut  3  miles  west  of  Big  Wells,  an  exposure  15 
miles  east  of  the  Rio  Grande  region. 

Chara^cter, — ^The  Carrizo  formation  is  decid- 
edly more  sandy  than  the  other  formations  of 
the  Wilcox  group,  the  Indio  formation  below 
and  the  Bigford  formation  above,  and  the  beds 
of  sandstone  in  the  Carrizo  are  more  firmly 
cemented.    Some  of  them  are  cemented  and 

M  Oweo  J.,  Report  of  gecdogists  for  southern  Tex&s:  Texas  Geol.  and 
ion.  Survey  First  Rept.  Progress,  for  1888,  pp.  70-74, 1880. 


cr3r8tallized  into  a  good  grade  of  quartzite. 
Many  of  them  are  highly  ferruginous,  but  some 
are  gray  or  white,  colors  denoting  little  iron. 
The  sand  and  the  sandstone  are  characteristi- 
cally cross-bedded.  Owing  to  inequalities  from 
place  to  place  in  the  firmness  of  the  cement 
erosion  has  in  some  places  produced  castellated 
forms,  notably  south  of  Chupadero  ranch,  in 
northwestemmost  Webb  Coimty.  The  sandy 
beds  vary  greatly  in  texture.  In  the  quarries 
around  Carrizo  Springs  and  for  some  distance 
north  of  that  place  the  rock  is  fine  grained,  but 
in  many  other  localities  it  is  mediimi  and  even 
coarse  grained. 

The  Carrizo  sandstone  includes  also  thin 
beds  and  lenses  of  clay  of  various  colors  and 
beds  of  limestone,  yellow  on  weathered  sur- 
faces and  light  chocolate-brown  inside,  forming 
concretions,  rough  beds,  or  lenses,  botryoidal 
bodies,  and  irregular  masses.  Cone-in-cone 
structure  is  fairly  common  in  the  beds  of  fine 
texture  in  which  calcareous  and  argillaceous 
material  are  mixed  in  about  equal  proportions. 

Thickness. — ^The  thickness  of  the  Carrizo 
sandstone  as  estimated  by  Owen  *^  is  200  feet. 
Between  a  point  10  miles  west  of  Carrizo 
Springs  and  a  point  3  miles  west  of  Big  Wells, 
however,  its  thickness  is  probably  more  than 
400  feet,  there  being  at  least  200  feet  of  strata 
exposed  west  of  Carrizo  Springs.  At  the  Rio 
Grande,  where  the  sandy  belt  is  narrow,  its 
thickness  is  estimated  at  118  feet.  At  another 
point  between  the  river  and  Carrizo  Springs  it 
appears  to  be  about  392  feet.  Where  the  Car- 
rizo overlaps  the  Indio  and  Midway  north  of 
Carrizo  Springs  it  is  doubtless  very  thin.  The 
average  of  all  previous  estimates  is  250  feet.  It 
evidently  varies  greatly  in  thickness,  and  the 
average  is  now  put  at  325  feet. 

Fossils. — Invertebrate  and  vertebrate  fossils 
have  not  been  foimd  in  the  Carrizo  sandstone. 
Poorly  preserved  fragments  of  plants  have  of- 
ten been  noted,  but  the  flora  was  not  critically 
studied  until  1921,  when  E.  W.  Berry  accom- 
panied the  writer  to  the  field  and  made  collec- 
tions. Identifiable  leaves  were  found  in  a  short 
arroyo  in  the  east  wall  of  Nueces  River  valley 
three  quarters  of  a  mile  below  the  Uvalde-La 
Pryor  road  crossing  and  in  the  Bell  quarries, 
southwest  of  Carrizo  Springs,  from  which  Car- 
rizo sandstone  was  taken  to  build  the  court- 
house and  other  buildings  in  Carrizo  Springs. 

"  Owen,  J.,  idem,  p.  72. 
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.  The  list  given  below  shows,  according  to  Berry, 
that  the  Carrizo  is  of  Wilcox  and  not  of  Clai- 
borne age,  a  fact  which  is  in  harmony  with  the 
lithology  and  stratigraphy  of  the  sandstone 
and  the  associated  beds. 

Acrostichum  sp. 

Anona  ampla  Berry. 

Anona  wilcoxiana  Berry. 

Banksia  puryearensis  Berry. 

Ganavalia  eocenioa  Berry? 

Oania  tennesseensie  Berry? 

Cinnamomum  vera  Berry? 

Dryophyllum  tennesseenfiis  Berry? 

Eugenia  grenadensis  Berry. 

FicuB  mississippiensis  (Lesquereux)  Berr>\ 

Gleditsiaphyllum  eocenicum  Berry. 

Heterocalyx  n.  sp. 

Mespilodaphne  coushatta  Berry. 

Myrcia  vera  Berry. 

Nectandra  pseudocoriacea  Berry. 

Oreodaphne  obtusifolia  Berry.  . 

Oreodaphne  puryearensis  Berry. 

Palmocarpon  butlerensis  Berry. 

Persea  longipetiolatum  (Hollick)  Berry. 

Sabalites  grayanus  I^esquereux. 

Sophora  wilcoxiana  Berry. 

Sterculia  wilcoxensis  Berry. 

BI070RD   FORMATION. 

Name  and  disirihviion, — ^Most  of  those  who 
have  visited  this  region  have  believed  that  the 
Carrizo  sandstone  is  continuous  from  the  top  of 
the  Indio  formation  (the  old  Wilcox  formation)  to 
the  base  of  the  Moimt  Selman,  and  it  appears  to 
be  continuous  at  the  type  section  of  the  Carrizo 
near  Carrizo  Springs  and  in  that  latitude,  but 
south  of  Carrizo  Springs  the  sand  and  sandstone 
of  the  Carrizo  give  place  along  the  strike  to 
clay,  thin-bedded  sandstone,  and  Hgnite.  To 
these  beds,  which  consist  so  largely  of  clay  that 
they  can  not  be  called  Carrizo  sandstone,  the 
name  Bigf ord  is  here  given,  from  Bigford  ranch, 
which  is  practically  the  only  habitation  in  their 
belt  of  outcrop,  where  the  beds  are  well  exposed 
along  the  river  within  the  ranch.  The  outcrop 
widens  toward  the  south  from  2  miles  at  the 
boimdary  of  the  Rio  Grande  region,  southeast 
of  Carrizo  Springs,  to  about  12  miles  at  the 
Dimmit-Webb  county  line.  The  Rio  Grande 
has  exposed  the  beds  in  its  north  bluffs  for  20 
miles.  Between  Carrizo  Springs  and  Big  Wells, 
outside  of  the  Rio  Grande  region,  the  formation 
is  entirely  absent.  It  may  wedge  in  farther 
north,  for  similar  beds  appear  to  occur  in  well 
logs  and  in  exposures  along  Nueces  River  south- 
east of  Crystal  City. 


(Jkaracter, — Lithologically  the  Bigford  for- 
mation consists  chiefly  of  clay  of  many  colors 
and  of  subordinate  quantities  of  gray,  green, 
and  brown  sandstone,  which  is  at  most  places 
not  cross-bedded.  It  contains  many  beds  of 
lignite,  the  heaviest  20  inches  thick,  and  some 
lens-shaped  concretionary  masses.  It  contains 
no  paper  shales  and  sands,  such  as  occur 
in  the  Indio,  nor  any  thick,  cross-bedded,  and 
commonly  quartzitic  sands,  such  as  occtu:  in  the 
Carrizo. 

Relations  to  adjacent  formations, — ^Although 
the  Bigford  formation  is  at  least  fairly  distinct 
lithologically,  it  is  not  believed  to  represent, 
except  in  its  uppermost  part,  a  period  of  time 
entirely  separate  from  the  Carrizo  epoch.  The 
greater  part  of  the  formation  probably  grades 
along  the  strike  into  beds  in  the  middle  and 
upper  parts  of  the  Carrizo  sandstone,  and  if  so 
is  contemporaneous  with  those  beds.  At  some 
places,  however,  the  uppermost  part  of  the 
Bigford  rests  with  apparent  conformity  on  the 
Carrizo  sandstone.  The  Bigford  strata  appear 
to  represent  a  lagoon  and  tidal-flat  phase  of  a 
stage  of  deposition  during  which  the  Carrizo 
sandstone  was  deposited  at  or  landward  from 
the  shore  line. 

Thickness, — The  Bigford  formation  ranges  in 
thickness  from  about  80  to  about  470  feet. 

Fossils, — The  only  fossils  found  in  the  Big- 
ford formation  are  some  leaves  of  a  few  species 
of  plants,  which  were  collected  at  a  place  on 
Concillas  Creek  a  quarter  of  a  mile  below  the 
point  where  it  is  crossed  by  the  road  from  Big- 
ford ranch  to  Apache  ranch,  about  half  a  mile 
from  the  Rio  Grande,  w^here  two  sets  of  beds 
of  clay,  sandstone,  lignite,  and  lignitic  clay 
are  separated  by  an  erosional  unconformity. 
Leaves  occur  both  below  and  above  the  uncon- 
formity but  were  collected  only  from  the  upper 
set  of  beds,  in  which  they  are  best  preserved. 
The  forms  identified  are  as  follows: 

Anacardites  gre\dlleafolia  Berr>\ 
Banksia  puryearensis  Berrv-. 
Canna  eocenica  Berry . 
Cassia  marshallensis  Berr>\ 
Cyperites  sp.  Hollick. 
Inga  ^ickliffensis  Beny-? 
Juglans  schimperi  Lesquereux. 
Mimosites  variabilis  Beny\ 
Mimusops  mississippiensis  Berry. 
Myrica  wilcoxensis  Berrj*. 
Sabalites  grayanus  Lesquereux. 
Sophora  wilcoxiana  Berry. 
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Berry  reports  that  this  is  a  Wilcox  flora, 
one  distinctly  older  than  that  in  the  base  of 
the  Mount  Selman  formation,  which  is  of 
Claiborne  age. 

CLAIBORNE  OROTTP. 

The  '* Marine  beds''  of  earlier  ^Titers  in- 
cluded the  strata  between  the  top  of  the 
"Lignitic"  and  the  base  of  the  Yegua.  These 
beds  are  now  separated  into  two  formations, 
the  almost  unfossiliferous  marine  beds  below 
constituting  the  Mount  Selman  formation  and 
the  highly  fossiliferous  marine  strata  above 
constituting  the  Cook  Mountain  formation. 
The  overlying  Yegua  formation,  which  con- 
tains Claiborne  fossils,  is  also  included  in  the 
Claiborne  group. 

MOUNT   SELMAN   FORMATION. 

Character, — The  chief  constituent  of  the 
Mount  Selman  formation  is  clay,  and  exposed 
sections  of  it  are  therefore  rare  except  at 
places  along  drainage  lines  where  thin  ledges 
of  sandstone  and  limestone  hold  up  the  clay  in 
vertical  faces.  There  are  large  flat  areas 
where  the  formation  is  not  exposed  but  where 
the  shallow  surficial  drainage  channels  are  so 
universally  clayey  that  the  underlying  forma- 
tion must  be  chiefly  if  not  entirely  clay  or 
shale.  The  sections  exposed  probably  exagger- 
ate the  proportion  of  sandstone  in  the  forma- 
tion, for  they  occur  only  where  lenses  of  the 
more  resistant  materials  are  most  abimdant. 
The  clay  is  gray,  black,  greenish  gray,  and 
bliiish  gray  where  fresh  and  yellow  or  buff 
where  weathered.  Some  of-  the  beds  are 
sandy  and  some  are  limy,  but  most  of  them 
consist  chiefly  of  stiff,  compact  clay,  plastic  and 
sticky  when  wet  and  hard  but  with  a  fracture 
like  that  of  starch  when  dry.  The  beds  of 
clay  contain  a  large  quantity  of  gypsimi  in 
lenses,  beds,  stringers,  joint  fillings,  and 
irregular  crystal  aggregates.  Most  of  it  is  the 
transparent  platy  variety,  but  some  masses  of 
bladed  crystals  are  brown. 

The  sandstone  occurs  in  layers  and  lenses, 
some  of  fhem  25  or  30  feet  thick  for  short 
distances.  The  sand  is  coarse,  medium,  and 
fine,  most  of  it  is  micaceous,  and  some  is 
glauconitic.  The  beds  are  fairly  well  con- 
solidated but  are  not  quartzitic.  The  forma- 
tion includes  a  few  thin  lenses  of  gray  limestone. 

Coal,  both  lignitic  and  bituminous,  is  a 
common    constituent   of    the   Mount    Selman 
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formation.  It  has  been  mined  at  Minero, 
Dolores,  Cannel,  and  Santo  Tomas,  in  Webb 
County.  There  are  two  main  producing  coal 
beds  and  several  thinner  beds,  less  pure,  which 
are  not  worked.  The  coal  beds  here  are  about 
one-third  of  the  distance  from  the  top  to  the 
bottom  of  the  formation,  but  beds  occur 
nearer  its  base  upstream  from  Palafox  and 
almost  at  its  top  near  the  mouth  of  Arroyo 
Santa  Isabella,  and  well  logs  show  that  coal 
beds  occur  throughout  the  whole  thickness  of 
the  formation. 

The  Mount  Selman  formation  contains 
throughout,  from  bottom  to  top,  many  cal- 
careous concretions,  chiefly  in  the  clay  and 
shale.  Most  of  them  are  composed  of  com- 
pact, fine-grained,  pure,  almost  lithographic 
limestone.  On  the  outside  they  are  pale 
yello^Tsh  gray  or  buff;  on  the  inside  they  are 
light  chocolate-brown  or  gray.  Nearly  all  of 
them  are  septarian,  and  the  fractures  are  filled 
with  calcite.  They  are  of  diverse  sizes  and 
forms.  The  smallest  are  about  the  size  of  a 
pea  and  the  largest  are  6  feet  in  diameter; 
some  are  cylindrical,  resembling  pipe  stems, 
some  are  biscuit-shaped,  and  some  are  nodular 
and  extremely  irregular.  The  average  con- 
cretion is  a  foot  in  diameter  and  spheroidal  in 
form. 

Distribution. — The  surficial  distribution  of 
the  Mount  Selman  formation  is  shown  on 
the  map.  The  formation  extends  downstream 
along  the  Rio  Grande  from  a  point  6  miles 
above  Palafox  to  the  mouth  of  Sambarieto 
Creek,  about  8  miles  above  Laredo,  a  distance 
of  about  26  miles  measured  in  a  straight  line. 
The  course  of  the  river  is  irregularly  oblique 
to  the  strike,  however,  and  this  distance  is  not 
a  measure  of  the  width  of  the  belt  of  outcrop, 
which  is  about  16  miles  wide  and  of  nearly 
imiform  Avidth.  The  western  boundary  of  the 
formation,  which  is  the  Claiborne-Wilcox  line 
of  contact,  is  not  sharply  defined.  In  general 
it  marks  the  line  that  separates  beds  of  clay, 
sandstone,  and  lignite  that  contain  no  mollus- 
can  fossils  and  few  concretions  but  that  carry 
a  Wilcox  flora  (the  Bigford  formation),  from 
beds  of  gj^psiferous,  highly  concretionary  clay 
interbedded  with  beds  of  sandstone  and  lime- 
stone carr^'ing  unmistakable  though  few  and 
fragmentary'  marine  fossils.  The  Mount  Sel- 
man-Cook  Mountain  line,  on  the  east  side  of 
the  belt,  separates  the  Mount  Selman  material 
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from  the  sandy,  highly  fossiliferous,  red- 
weathering  Cook  Mountain  formation,  which 
stratigraphically  overUes  the  Mount  Sehnan. 

The  Mount  Selman  formation,  though  it 
contains  marine  rock,  is  evidently  not  entirely 
of  marine  origin.  The  coal  and  the  sediments 
that  carry  land  plants  were  doubtless  deposited 
in  isolated  coastal  basins  and  lagoons  and 
perhaps  to  some  extent  on  tidal  flats. 

TTiickness. — The  minimum  measured  thick- 
ness of  the  formation  is  225  feet  and  the  maxi- 
mum is  707.  Deussen  assigns  to  it  an  average 
thickness  of  350  feet  in  the  area  next  north  of 
the  Rio  Grande  region.  The  average  within 
the  Rio  Grande  region  is  618  feet. 

FoasiU, — ^The  Mount  Selman  formation  is  not 
highly  fossiliferous,  yet  a  few  poorly  preserved 
forms  of  both  animals  and  plants  have  been 
recognized.  The  moUusks  so  far  recognized  are 
Comvlina  armigera  Conrad,  Cyiherea  sp.  cf. 
C.  trigoniaia  var.  winnensia  Harris,  Ostrea  sp., 
Plejona  petrosa  (Conrad),  Protocardia  sp.,  and 
Venericardia  planicosta  Lamarck. 

Only  two  collections  of  Mount  Selman 
plants  were  made  by  the  writer.  They  are 
fragmentary  and  obscure,  but  Berry  has  identi- 
fied them  provisionally  as  AjpocynophyUum 
greviUeafolium  Berry,  Coccolohis  daibomensis 
Berry,  Ficus  newtonenais  Berry,  Oeonomites 
n.  sp.,  and  Myrcia  n.  sp. 

COOK   MOUNTAIN  FORMATION. 

Distribviion  and  relations. — The  Cook  Moun* 
tain  formation  is  the  upper  and  highly  fossil- 
iferous part  of  what  has  been  known  as  the 
''Marine  beds."  Its  outcrops  he  in  a  belt 
averaging  13  miles  in  width  where  it  includes 
the  full  thickness  of  the  formation,  extending 
from  the  northeast  border  of  the  region  at  and 
west  of  Encinal,  almost  due  south  for  about  40 
miles  to  a  point  where  the  base  of  the  formation 
is  cut  oflF  by  a  bend  in  the  Rio  Grande  8  miles 
above  Laredo.  From  this  point  for  a  distance 
of  about  70  miles  down  the  river  the  strike  of 
the  formation  is  almost  parallel  to  the  general 
course  of  the  river.  The  river  cuts  the  top 
of  the  formation — the  Cook  Mountain- Yegua 
line — 15  miles  upstream  from  Roma.  Thus 
the  formation  is  exposed  in  the  ''breaks  of  the 
Rio  Grande"  for  a  distance  of  75  miles.  The 
towns  included  within  the  belt  of  outcrop  are 
Encinal,  Laredo,  San  Ygnacio,  Zapata,  and  a 
large  number  of  places  inhabited  by  Mexicans. 


This  change  in  the  strike  from  west  of  south 
to  east  of  south  so  as  almost  to  correspond  with 
the  course  of  the  Rio  Grande  from  Laredo  to 
Roma  was  not  known  to  all  previous  workers. 
Dumble,'*  for  instance,  continuing  the  west  of 
south  by  east  of  north  strike,  draws  the  Cook 
Mountain- Yegua  contact  line  across  the  river 
8  miles  below  Laredo,  the  Yegua-Fayette  line 
about  4  miles  above  Zapata,  and  the  Fayette- 
Frio  line  on  the  Texas  side  a  mile  or  two  below 
Rio  Grande  City.  The  true  structure  was  first 
pointed  out  by  Vaughan,*"  who  had  collected 
Claiborne  fossils  far  down  the  Rio  Grande  and 
understood  that  they  came  from  the  "Marine 
beds."  Thus  much  of  what  Dumble  has  con- 
sidered Fayette  was  recognized  by  Vaughan 
as  Cook  Mountain.  This  fact  explains  Dum- 
ble's  insistence  that  much  if  not  all  of  the 
Fayette  formation  is  of  Claiborne  age. 

CharOrCter, — The  Cook  Moimtain  formation  is 
primarily  sandy,  and  the  sand  is  more  or  less 
firmly  cemented.  Most  of  the  rock  is  medium 
grained,  but  there  are  beds  of  fine-grained  and 
coarse-grained  sandstone.  The  beds  are  brown, 
red,  yellow,  green,  and  gray  and  are  com- 
monly ferruginous,  micaceous,  and  gUuoo- 
nitic.  Many  of  them  are  cross-bedded  and 
ripple  marked.  Literbedded  with  the  sand- 
stone is  some  yellowish,  bluish,  and  greenish- 
gray  or  chocolate-colored  clay  and  a  few  thin 
lenses  of  gray  limestone.  The  sandstone  and  at 
some  places  the  clay  contains  large,  dark- 
gray,  hard-centered,  crystalline  limestone  con- 
cretions, some  of  which  are  fossiliferous.  The 
lower  two-thirds  of  the  formation  weathers 
characteristically  into  red  sandy  soils;  the 
upper  third  at  most  places  weathers  gray. 
AH  the  soils  derived  from  the  Cook  Mountain 
formation  support  vegetation,  which  is  im- 
usuallv  luxuriant. 

Thickness, — The  estimates  of  the  thickness 
of  the  Cook  Moimtain  formation  range  from 
187  to  668  feet,  and  average  422  feet. 

Fossils. — The  formation  everywhere  con- 
tains abundant  fossils,  by  which  it  can  be  dis- 
tinguished from  the  Mount  Selman  below  and 
the  Yegua  above;  indeed  it  can  thus  be  dis- 
tinguished from  all  other  formations  in  the 
region,   for   its   faunas   are   larger  and   more 

"  Durable,  E.  T.,  (icology  of  Southwestern  Texas:  Am.  Inst.  Min. 
Eng.  Trans.,  vol.  ai.  p.  910,  fig.  1, 1903. 

^9  Vaughan,  T.  W.,  Contrilmtions  to  the  geology  and  paleootolocy  of 
the  Canal  Zone,  Panama,  and  geologically  related  areas  in  Central 
America  and  the  West  Indies:  V.  S  Nat.  Mua.  Bull.  103, 1919. 
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diversified  than  those  of  any  other  Tertiary 
formation  in  Texas.  The  faunas  within  the 
formation  present  four  more  or  less  distinct 
facies. 

One  of  these  faunas  is  foimd  at  the  base  of 
the  formation.  The  complete  specific  list  is  as 
follows : 

Anomia  ephipx>oide8  Gabb. 

Buccinanops  sp.  cf.  B.  ellipticum  Whitfield. 

Callocaidia  afitartoides  Gardner. 

Callocardia  sp.  cf.  C.  bastropensis  (Harris). 

Callocardia  ep. 

Gerithium  texanum  Heilprin. 

Cerithium  webbi  Harris. 

Corbula  (Cuneocorbula)  conradi  Dall. 

Drillia?  sp. 

Egerella  sp. 

Epitonium  sp. 

Ladnia  alveata  Conrad? 

Ledasp. 

Levifusus  trabeatoides  Harris? 

Levifusus  sp. 

Ludnasp.? 

Natica  dumblei  Heilprin. 

Olivula  staminea  Conrad. 

Olivula  sp. 

Osta'eaalabainiensissubsp.  geoigiana Conrad  (small). 

Polynices  arta  (Gabb). 

Pseudoliva  vetusta  Conrad. 

Sinum  declivum  Conrad? 

Solen  sp. 

Tuba  antiquata  Conrad. 

Turritella  sp. 

Venericaixiia  planicosta  (Lamarck). 

Yoldia  sp.  cf.  Y.  psammotea  Dall. 

•  A  second  fauna  occurs  in  the  lower  part  of 
the  Cook  Mountain  formation  but  above  the 
basal  beds.     A  complete  list  of  species  follows : 

Acteon  pomilius  Conrad. 
Adeorbis?  sp. 
Anomia  cphippoides  Gabb. 
Architectonica  sp.  aff.  A.  acuta  Conrad. 
Benoistia?  sp. 
Cadulus  sp. 

Callocardia  astartoides  Gardner. 
Callocardia  bastropensis  (Harris). 
Callocardia  sp. 
Cancellaria  panones  Harris. 
Cancellaria  sp. 

Cardium  (Corastoderma)  harrisi  Vaughan? 
Cardium  (Cerastoderma)  ouachitense  Harris? 
Cassis?  sp. 
Cerithium  sp. 
Cochlispira  sp. 

Corbula  (Cuneocorbula)  conradi  Dall. 
Crassatellites  sp. 
,    Crepidula  sp. 

Cylichna  sp.  cf.  C.  jacksonensis  Meyer. 
Drillia  nodocarinata  (Gabbj? 
Diillia  texacona  Harris. 


Egerella  sp. 

Epitonium  trapaquara  (Harris). 

Eucheilodon  sp.  cf.  E.  reticulatoides  Harris. 

Eucheilodon?  sp. 

Ladnia  alveata  Gabb. 

Latirus  moorei  Gabb? 

Leda  bastropensis  Harris. 

Leda  compsa  Gabb. 

Lima  hanisiana  Aldrich. 

Lucina  sp.  cf.  L.  ozarkana  Harris. 

Mesalia  claibomensis  Harris. 

Murex  (Odontopolys)  sp. 

Natica  dumblei  Heilprin  (large). 

Natica  semilunata  Lea. 

Nucula  mauricensis  Harris. 

Olivula  staminea  Conrad. 

Ostrea  alabamiensis  subsp.  georgiana  Conrad  (small)* 

Ostrea  sellaeformis  Conrad? 

Ostrea  sp. 

Pholadomya  sp. 

Plejona  petrosa  (Conrad). 

Plejona  precursor  (Dall)? 

Plejona  sp.  cf.  P.  haleiana  (Whitfield). 

Plejona  sp. 

Polynices  arata  (Gabb). 

Protocardia  sp.  cf .  P.  gambrina  Gabb. 

Pseudamusium  sp. 

Pseudoliva  sp.  cf.  P.  vetusta  Conrad. 

Pteropeis  lapidosa  Conrad. 

Pyrula  (Fusoficula)  sp.  cf.  P.  texaoa  Harris. 

Sinum  declivum  (Conrad). 

Solen  sp. 

Surcula  gabbi  Conrad. 

Teinostoma?  sp. 

Tellina  mooreana  Gabb? 

Tellina  sp.  A. 

Terebra  texagyra  Harris. 

Terebra  houstonia  Harris. 

Tomatina  sp. 

Tortoliva  texana  Conrad? 

Tuba  antiquata  Conrad? 

Turbonilla?  sp. 

Turricula  sp.? 

Turrissp. 

Turritella  nasuta  Gabb. 

Venericardia  mooreana  (Conrad). 

Volvula  sp. 

Yoldia  sp.  cf.  Y.  psammotea  Dall. 

Yoldia  sp. 

The  middle  part  of  the  Cook  Moimtain  for- 
mation carries  a  third  fauna,  the  names  of  the 
species  of  which  follow: 

Ancillaria  sp. 

Architectonica  sp. 

Callocardia  astartoides  Gardner. 

Callocardia  bastropensis  Harris. 

Callocardia  sp. 

Cancellaria  sp. 

Cerithium  texanum  Heilprin. 

Corbula  (Cuneocorbula)  conradi  Dall. 

Corbula  sp. 

Diplodonta  sp. 
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Difltondo  fleptemdentata  Gabb. 

Drillia  sp.  cf.  I),  enstricina  IlaniB. 

Egerella  sp. 

Fusuflsp. 

Gaza?  sp. 

T4innia  alveata  Conrad. 

Latinis  moorei  Gabb? 

Leda  bastropernds  Harris. 

Levifusus  sp. 

Ludnia?  sp. 

Martesia  sp. 

Mesalia  claibomensis  (Conrad)? 

Modiolus  (Brachidontes)  texanus  (Ctabb). 

Natica  dumblei  Ileilprin  i largo). 

Natira dum})lei Heilprin  (small). 

Natira  semilunata  Lea. 

Olivnla  staminea  Conrad? 

Ostrea  alabamiensis  subsp.  georgiana  Conrad. 

Ostrea  sp. 

Phos  sagenus  (Conrad)? 

Pinna  sp. 

Plejona  petrosa  (Conrad). 

Plcjona  sp. 

Polynices  arata  (Gabb). 

Psammobia?    sp. 

Pseudoliva  ostranipis  subsp.  pauper  Ilarris. 

Pseudoliva  vetusta  Conrad? 

Pteropeis  lapidosa  Conrad  subsp.? 

Pteropsis  sp. 

Pyrula  texana  IXarris? 

Rimella  sp.  cf .  R.  texana  Harris. 

Siliqua  sp. 

Sinum  declivum  (Conrad)? 

Sphaerella  sp. 

Surcula  gabbi  Conrad? 

Teinostoma?    sp. 

Tellina  sp.  cf.  T.  mooreana  Gabb. 

Tellina  sp.  cf.  T.  tallecheta  Harris. 

Tellina  sp.  A? 

Trinarcia  declivis  (Conrad). 

Turris  vaughani  (Harris). 

Turrissp. 

Turritella  nasuta  Gabb. 

Venericardia  mooreana  Gabb. 

Venericardia  sp. 

FinaDy,  a  fourth  Cook  Mountain  fauna  is 
widely  distributed  at  the  top  of  the  formation. 
This  fauna  marks  the  Cook  Mountain- Yegua 
contact.  The  most  prominent  forms  are  a 
large  variety  of  Natica  dumblei^  which  is 
associated  with  Ostrea  georgiana.  Most  of  this 
fauna  is  contained  in  the  limestone  concretions, 
not  all  of  which,  however,  carry  fossils.  Many 
of  tlie  shells  have  been  rolled  and  abraded  and 
perhaps  concentrated  before  the  concretions 
were  formed.  A  list  of  the  species  making  up 
this  fauna  follows: 

Area  sp. 

Callocardia  aetartoides  (iardner. 

Callocardia  sp.  cf.  C.  trignniata  Lea. 


Calyptrophorufl  sp.  cf.  C.  valatus  Conrad. 

Corbula  ( Cuneocorbula)  conradi  Dall. 

Fusuii?    sp. 

Natica  dumblei  Ileilprin  (large). 

(Ostrea  sp. 

Polynices  arata  (Gabb). 

Polynices  gi})bosa  ( Lea). 

Solen  sp. 

Tellina  mooreana  Oabb? 

Tellina  sp.  A? 

Tiil^a  antiquata  Lea? 

Turritella  sp. 

Venericardia  sp. 

YEOUA   FORMATIOK. 

The  Yegua,  the  youngest  of  the  Qaibome  for- 
mations, lies  with  some  indications  of  uncon- 
formity upon  the  Cook  Mountain  and  imderlies 
the  Fayette,  of  Jackson  age. 

Distrilutwii. — The  map  shows  the  distribu- 
tion of  the  formation  at  the  surface  in  the  lower 
Rio  Grande  region.  The  belt  of  outcrop  varies 
in  width  from  4^  to  17  miles,  the  variation  being 
probably  due  to  an  irregular  overlap  of  the 
Fayette.  The  outcrop  within  the  region  is 
confmed  to  Webb  and  Zapata  coimties  and  a 
small  part  of  western  Starr  County. 

Character. — ^About  90  per  cent  of  the  forma- 
tion in  this  area  appears  to  be  dark  gray,  black, 
red,  pink,  purple,  green,  and  brown  selenitic 
carbonaceous  clays.  The  predominant  color  is 
dark  gray,  and  the  material  weathers  into  dark- 
gray  clay  soils.  There  are  also  many  beds, 
lenses,  and  seams  of  soft  gray  and  buff  sands 
and  sandstones,  most  of  them  thin.  Dark, 
irregular  limestone  concretions  occur  sparin^y 
in  the  clay. 

Thichness, — The  average  thickness  of  the 
strata  assigned  to  the  Yegua  outside  the  Rio 
Grande  region  is  817  feet,  and  the  range  is  from 
375  to  1,400  feet,  but  in  this  region  the  average 
thickness  of  the  beds  exposed,  so  far  as  it  can  be 
determined,  is  only  about  406  feet. 

Fossils, — Although  Dumble  "  reports  Tellina 
mooreana  Gabb,  Turritella  lioustonia  Harris,  and 
Natica  recnrva  Aldrich  from  beds  in  Mexico 
identified  as  Yegua,  it  seems  likely  that  the  beds 
from  which  they  were  collected  should  be  in- 
cluded in  the  Cook  Mountain  of  the  Rio  Grande 
region.  Leaves  are  also  reported  to  have  been 
found  in  the  formation  at  places  outside  the 
region,  but  none  was  found  inside.  The  only 
fossil  soon  in  the  Yegua  in  the  region  covered  by 

*o  Dumble,  E.  T..  Tertiary  deposits  of  nurtheastem  Mexico:  Califoniift 
Acad.  Sc'i.  Proc.,  4th ser.,  vol.5,  No. 6,  p.  177, 1915. 
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this  report  is  Ostrea  georgiana,  and  even  this 
occurs  more  sparingly  in  the  Yegua  than  in  the 
Cook  Mountain  below  or  the  Fayette  above. 
In  the  Rio  Grande  region  the  deposits  classi- 
fied as  Yegua  are  more  closely  allied  faunally 
with  the  Jackson  than  with  the  Claiborne,  but 
elsewhere  the  reverse  is  true.  Possibly  only 
the  upper  part  of  the  Yegua  occurs  here,  and 
this  part  may  be  really  of  Jackson  age.  Until 
this  can  be  demonstrated,  however,  the  Yegua 
will  all  be  classed  as  of  Claiborne  age. 

FAYETTE  SANDSTONE. 

Character, — The  materials  of  the  Fayette 
formation  are  fairly  characteristic,  although 
they  are  hthologically  like  those  of  the  Cook 
Mountain  formation,  with  which  they  are  likely 
to  be  confused,  but  the  fauna  and  flora  are  defi- 
nite and  on  the  whole  the  formation  is  not 
difficult  to  recognize  in  the  field. 

The  Fayette  contains  more  sand  and  sand- 
stone than  any  other  kind  of  rock,  yet  it  is  not 
so  sandy  in  the  Rio  Grande  region  as  it  is  farther 
north  and  east.  The  sandstone  is  exceedingly 
variable — in  color  almost  white,  gray,  greenish 
gray,  buflf ;  in  texture  fine,  medium,  and  coarse; 
in  consolidation  ranging  from  loose  sand  to 
quartzitic  sandstone.  The  most  characteristic 
feature  of  the  sandstone  is  that  it  is  f ossiliferous. 
It  is  commonly  laminated  and  cross  laminated 
in  intricate  patterns.  Interbedded  with  the 
arenaceous  beds  there  are  many  beds  and 
lenses  of  sandy  and  limy  greenish-gray,  pink, 
and  red  shale  and  clay.  Limestone  is  scarce 
but  not  entirely  absent.  Beds  of  white  vol- 
canic  ash  are  found  in  the  formation  at  sev- 
eral places.  Large,  dark,  crystalline  lime- 
stone concretions  are  common.  Silicified  wood 
occurs  abundantly,  chiefly  in  the  clays  but  in 
the  sandstones  as  well.  Most  of  the  silica  is 
opal,  but  chalcedony  is  found  also.  The  silici- 
fied wood  is  characteristic  of  the  formation  in 
this  region. 

Thickness. — The  thickness  of  the  formation  in 
this  region  averages  not  more  than  360  feet, 
about  100  feet  less  than  the  average  thickness 
elsewhere. 

Fossils. — ^The  formation  contains  a  single 
identifiable  fossil,  a  large  variety  of  Ostrea 
georgiana  Conrad.  The  rich  Claiborne  fauna 
attributed  to  the  Fayette  bv  Dumblo  is  Cook 
Moimtain,  as  explained  on  page  94,  but  a  num- 
ber of  species  of  fossil  plants  are  found  in  the 


ash  beds  and  some  in  the  sandstones.  The  best 
collections  were  obtained  at  points  2^  and  4^ 
miles  north  of  Miraflores  ranch,  in  Zapata 
County.  Berry  has  identified  the  following 
forms : 

ApocynophyUum  2  n.  sp. 

Bombacites  n.  sp. 

Cinnamomum  sp. 

Coccolobifl  n.  sp. 

Conocarpus  eoceniciis  Berry. 

Diospyros  n.  sp. 

Inga  n.  sp. 

Mespilodaphne  n.  sp. 

Myristica  catahoulensis  Berry  (?). 

Nectandra  n.  sp. 

Papilionites  n.  sp. 

Pisonia  n.  sp. 

Sabalites  vicksburgensis  Berry. 

Sapindus  dentoni  Lesq. 

Sapotacites  n.  sp. 

Spohora  claibomensis  Berry  {?). 

Terminalia  phaeocarpoides  Berry. 

Temstroemites  n.  sp. 

Berry  regards  these  plants  as  of  middle  or 
upper  Jackson  age  and  states  that  they  in- 
dicate a  warm,  probably  subtropical  climate, 
with  local  or  seasonal  aridity,  probably  with- 
out general  deficiency  in  rainfall.  Although 
some  of  the  formation  is  marine,  much  of  it, 
as  the  plants  suggest,  was  doubtless  deposited 
subaerially  on  coastal  sandy  and  clayey  plains. 
The  character  of  much  of  the  formation  in- 
dicates deposition  in  shallow  water  that  was 
subject  to  considerable  agitation. 

FRIO  CLAT. 

In  the  Frio  formation  there  are  100  to  400 
feet  of  gray,  greenish  and  yellowish  gray,  red, 
pink,  and  blue  pure  and  sandy  clays  and  a  very 
few  seams  of  gray  sandstone,  1  to  8  inches 
thick.  Perhaps  the  pink  color,  doubtless  due 
to  weathering,  predominates  in  the  expo- 
sures, practically  all  of  which  are  shallow. 
Nearly  everywhere  the  clay  is  checked  by 
joints  in  which  secondary  calcium  carbonate 
occurs  in  thin  plates,  and  it  contains  many 
small  calcareous  nodules  and  some  small 
masses  that  appear  to  be  rolled  balls  of  cal- 
careous mud.  Some  of  the  clay  is  gypsif- 
erous.  With  the  exception  of  an  occasional 
oyster  bed  {Ostrea  georgiana)  and  a  very  few 
fragments  of  silicified  wood  the  formation  con- 
tains no  fossils.  Some  of  the  beds  of  volcanic 
ash,  notably  those  at  Rio  Grande  City  and  at 
and  in  the  neighborhood  of  La  Loma  de  la  Cruz 
east  of  Rio  Grande  City,  at  least  one  of  which 
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is  60  feet  thick,  are  in  the  Frio  formation 
rather  than  in  the  Fayette.  These  ash  de- 
posits, however,  unlike  those  in  the  Fayette, 
carry  no  fossil  plants;  but  it  should  be  noted 
that  not  all  the  ash  in  the  Fayette  is  leaf- 
bearing. 

MIOCENE    SERIES. 
OAKVELLE  SA]n>STOirE. 

Deussen  -*  describes  and  maps  in  the  area 
covered  by  him  south  and  west  of  Brazos 
River  to  the  border  of  the  lower  Rio  Grande 
region  a  thin  fonnation  of  white  and  light-gray 
quartzitic  sandstone,  which  ho  calls  the  Oak- 
ville  sandstone.  This  formation  is  also  men- 
tioned by  Dumble,^^  Udden,^'  and  others.  As 
mapped  by  Deussen,  it  lies  in  a  belt  a  mile 
wide  along  the  west  foot  of  the  Bordas  scarp, 
between  the  Frio  and  Reynosa  formations, 
east  of  Torrecillas,  in  Webb  County,  at  the 
north  border  of  the  Rio  Grande  region,  but  the 
writer  found  no  certain  evidence  of  the  out- 
crop of  this  sandstone,  although  it  is  doubtless 
overlapped  by  the  Reynosa,  which  forms  the 
Bordas  scarp.  In  the  lower  Rio  Grande  region 
the  Frio  clay  seems  to  continue  well  up  the  west 
slope  of  the  scarp  and  there  to  be  in  contact 
with  the  Reynosa  formation.  Where  the  Rio 
Grande  has  cut  across  the  Bordas,  exposing  a 
section,  the  Reynosa  lies  direcdy  upon  the 
clay  and  ash  of  the  Frio  formation.  Nor  does 
the  Oakville  appear  between  these  two  forma- 
tions, in  the  15  miles  of  the  exposure  of  their 
contact  in  a  direction  rouglily  parallel  to  the 
dip  between  Rio  Grande  City  and  Sam  Fordyce. 
In  roads,  pastures,  and  fields  ])ctwecn  Randado 
and  the  Webb-Zapata  shallow  oil  field  and 
elsewhere  along  and  near  the  Bordas,  to  the 
west,  there  is  a  deep  white  or  gray  sand  which 
may  have  been  derived  from  the  Oakville. 
The  same  kind  of  sand,  however,  is  commonly 
found  east  of  the  Bordas,  where  it  is  derived 
from  the  Reynosa  formation.  It  even  appears 
to  be  derived  from  the  Reynosa  west  of  the 
Bordas,  wliere  there  are  outliers  of  the  Reynosa. 

There  are  in  the  region,  however,  ratlier 
thick  Miocene  sediments,  which  are  overlapped 
by  younger  formations.  Driller's  samples 
taken  at  depths  ranging  from  4,325  to  4,»5()0 

*'  Dcussun,  Alexander,  (icoli^y  of  the  (.'(xistal  Plain  roRion  of  Texas: 
U.  S.  Geol.  Survny  Trof.  Paper  120  (in  i)ri'ss). 

"  Dumblc,  K.  T..  Problem  of  the  Texas  Tertiury  san<l«<:  (leol.  Sor. 
America  Dull.,  vol.  2«'»,  pp.  419  et  so<|.,  191.J. 

"  Udden,  J.  ,\.,  Maker.  ('.  L.,and  Base,  Emil,  Review  of  the  Keolo^'y  of 
Texas:  Texas  Univ.  Bull.  44,  p.  97,  1916. 


feet  in  the  Niels  Esperson  oil  tost,  15  miles  east 
of  Brownsville,  have  furnished  many  inverte- 
brate fossils,  of  which  Dr.  Julia  Gardner  has 
identified  23  species,  all  of  Miocene  age.  The 
exact  position  of  these  fossils  in  the  Miocene 
can  not  be  determined,  but  according  to  Dr. 
Gardner  the  single  fauna  represented  should 
probably  be  assigned  to  a  formation  near  the 
top  of  the  lower  Miocene  or  the  base  of  the 
middle  Miocene. 

PLIOCENE    SERIES. 
LAPARA  SAITD  AlTD  LAOARTO  CLAT. 

The  Pliocene  Lapara  and  Lagarto  forma^ 
tions,  described  by  Deussen,^*  Dumble,'*  and 
Udden,  Baker,  and  Bose,"  from  areas  farther 
north,  do  not  outcrop  in  the  Rio  Grande 
region.  If  they  were  deposited  there  they 
have  been  covered  by  the  overlapping  Rey- 
nosa formation. 

TSBTIABT  (?)  SYSTEM. 

PLIOCEXE  (  ?)  SERIES. 
REYHOSA  FORMATION. 

Name. — ^In  1890  Penrose  *^  described  a  de- 
posit of  limestone  containing  many  pebbles 
and  cobbles  under  the  name  '^  Reynosa  lime- 
stone,'' from  the  town  of  Reynosa,  Tamaulipas, 
Mexico.  This  lunestone  overlies  what  was 
then  called  the  Fayette  sand  at  Reynosa, 
directly  across  the  Rio  Grande  from  Hidalgo, 
Tex.  Penrose  found  Recent  shells  embedded 
in  the  surface  of  exposures  of  this  formation, 
and  thinking  it  was  Recent,  included  it  in  his 
*•  post-Tertiary  formations.''  In  1891  Hill » 
described  remnants  of  a  formation  that  con- 
sisted of  coarse  and  fine  gravel  cemented  by  a 
calcareous  matrix  and  that  occupied  terraces 
400  to  1,000  feet  above  the  Rio  Grande  to  the 
north  of  this  region.  This  he  called  the 
Uvalde  formation.  Dumble  ^"  applied  the 
name  Reynosa  division  to  the  series  of  deposits 
forming  the  plateau  between  Nueces  and  Rio 
Grande,  which  he  called  the  Reynosa  plateau. 

"  Deussen,  Alexander,  (;tH>logy  of  the  Coastal  Plain  regioQ  of  Texas: 
U.  5^.  (Jeol.  Survey  Prof.  Paper  120  (in  ])rcss). 

2'  Dumble,  K.  T.,  (leolc^y  of  southwestern  Texas:  Am.  Inst.  Min. 
Kn?.  Trans.,  vol.  'X\,  pp.  IXW  UTa,  11»3. 

^  Udden,  J.  \..  Baker,  C.  I>.,and  Hose,  Emil,  op.  cit.,  p.  90. 

*•  Penrfwe,  U.  A.  F.,  jr.,  R«'port  of  geology  for  eastern  Texas:  Texaa 
CitH)!.  Survey  Fir^l  Ann.  Kept.,  pp.  T)?,  r>8,  63, 1890 

i-"  Hill.  U.  T.,  Notes  on  the  geology  of  the  Southwest:  Am.  GeoloKist* 
vol.  7,  pp.  'M'^>-,ilO,  isyi. 

'■>  Dumble.  E.  T.,  The  Cenozoic  deposits  of  Texas:  Jour.  Geology, 
vol.  2,  p.  r)f»0, 1894. 
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He  stated  that  the  '^Reynosa  limestone"  of 
Penrose  formed  the  top  member  of  his  Reynosa 
division,  which  rested  on  the  Lagarto  formation. 
These  downstream  deposits  to  which  Dumble 
appUed  the  name  Reynosa  are  now  known  to 
be  the  same  as  the  upstream  remnants  to 
which  Hill  applied  the  name  Uvalde,  and  the 
necessity  for  discarding  one  of  the  names  has 
become  apparent.  In  view  of  the  fact  that 
Reynosa  as  applied  to  a  part  of  this  formation 
has  priority  over  Uvalde,  and  that  the  do^\^l- 
stream  deposits  perhaps  afford  a  better  type 
locality,  the  name  Reynosa  has  been  adopted 
by  the  United  States  Geological  Survey  and 
"Uvalde"  formation  has  been  abandoned. 
The  outcrop  of  the  formation  is  continuous 
from  Torrecillas  and  Rio  Grande  City  east- 
ward. In  the  area  west  of  the  Bordas  scarp 
it  occurs  as  remnantal  patches,  some  of  them 
doubtless  reworked.  These  materials  were 
included  by  McGee  in  his  ''Lafayette,'^  a 
name  no  longer  recognized  as  applicable  to  any 
geologic  formation. 

Distribution, — ^The  map  shows  the  distri- 
bution of  the  Reynosa  formation  in  the  lower 
Rio  Grande  region.  Its  resistant  layers  hold 
up  the  Frio  clay;  its  base  forms  the  Bordas 
scarp,  from  which  it  dips  at  a  very  low 
angle  eastward,  outcropping  in  a  north-south 
belt  40  to  65  miles  wide.  In  much  of  this 
area,  however,  its  outcrops  are  obscured  by 
the  wind-blown  sands  of  the  sand  belt.  West 
of  the  Bordas  it  occurs  only  in  patches  that 
occupy  the  highest  elevations. 

Reldtions  to  adjacent  formaiions. — The  Rey- 
nosa lies  unconformably  on  all  older  forma- 
tions. The  dip  of  the  formation  is  much  less 
than  that  of  the  older  formations,  and  as  the 
surface  on  which  it  lies  is  almost  flat,  it  bevels 
the  older  formations.  This  structural  un- 
conformity, which  is  shown  on  the  map,  is 
well  seen  in  the  bluffs  of  the  Rio  Grande  be- 
tween Rio  Grande  City  and  Sam  Fordyce. 
After  the  deposition  of  the  Oakville,  and  doubt- 
less after  Lapara  and  Lagarto  time,  the  strata 
of  the  region  were  slightly  tilted  and  a  flattish 
surface  was  developed  across  their  beveled 
edges,  and  on  this  surface  the  Reynosa  forma- 
tion was  deposited.  In  this  area  it  is  un- 
conformably .overlain  by  the  Beaumont  clay. 

Character. — The  Revnosa  formation  is  an 
intricate  mixture  of  gravel  cemented  by  lime 
carbonate,    uncementcd   gravel,    limestone    in 


which  are  embedded  pebbles  and  cobbles, 
almost  gravelless  limestone,  sand,  sandstone, 
gravelly  sand,  and  a  relatively  small  amount  of 
clay. 

About  1  per  cent  of  the  pieces  of  gravel  are 
over  4  inches  in  diameter,  and  the  largest 
measure  8  inches.  About  a  third  of  them  are 
of  sizes  between  IJ  inches  and  4  inches;  another 
third  go  through  the  IJ  inch  screen  but  are 
caught  on  the  f-inch;  and  nearly  a  third  goes 
through  the  f-inch  screen.  The  patches  of 
gravel  near  the  Rio  Grande  are  a  bit  coarser 
than  those  farther  away,  and  those  inland  and 
near  the  Balcones  scarp  seem  to  be  somewhat 
coarser  than  those  away  from  the  river  but 
nearer  the  Gulf.  The  gravel  includes  about  77 
per  cent  of  chert,  limestone,  and  vein  quartz, 
materials  derivable  and  doubtless  largely 
derived  from  the  Edwards  Plateau,  and  about 
23  per  cent  of  igneous  rock,  most  of  them 
derived  from  the  western  Cordillera.  Some 
of  the  vein  quartz  may  have  been  derived  from 
points  west  of  the  plateau,  but  on  the  other 
hand  some  of  the  igneous  rocks  may  have 
been  derived  from  plugs  near  the  Balcones 
scarp.  Where  the  gravel  overlies  the  Fayette 
and  Frio  formations  it  includes  some  silicified 
wood.  Most  of  the  pebbles  and  cobbles  are 
well  shaped  by  abrasion,  many  of  them  are 
highly  polished,  and  some  show  bruises  made 
by  hard  impact  during  transportation.  The 
gravel  deposits  are  roughly  sorted  into  lenses 
and  pockets  of  different  textural  grades. 

The  limestone  is  gray  and  sandy  and 
weathers  into  rough,  irregular  surfaces,  due  to 
irregular  concretions  and  impurities.  In  places 
it  has  surficially  a  tufaceous  appearance.  Its 
basin,  rims,  terraces,  channels,  and  concentric 
banding  are  suggestive  of  deposition  by 
springs.  The  patches  south  of  Espejo  ranch, 
in  north-central  Webb  County,  and  at  Carrizo 
Springs  arc  clearly  spring  deposits,  but  these  are 
not  tyj^ical,  for  they  contain  little  or  no  gravel. 

The  sand  and  the  sandstone  are  gray  or 
brown  or  red  and  almost  universally  weather 
into  a  dark-rod  sand.  The  grains  are  quartz 
coated  with  red  iron  oxide,  but  in  places  where 
this  red  coating  has  been  worn  off  by  the  wind 
the  sand  is  gray,  or  even  white. 

The  few  clays  are  generally  sandy,  but  some 
are  almost  fat.  Below  Rio  Grande  City  the 
Revnosa  formation  includes  mud  balls  of  Frio 
clay. 
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tributaries  suggests  Pleistocene  age  rather  than  gation  canals,  and  there  evaporates  or  seeps 

Recent.    The  fact  that  the  streams  have  de-  into  the  porous  silts  and  sands.    The  area  that 

graded  their  beds  as  much  as  60  feet  since  the  is  subject  to  flood  is  mapped  as  Recent  fluviatile 

deposits  in  which  the  shells  are  inclosed  were  deposits.    The  Rio  Grande  flood  plain  above 

laid  down  also  indicates  a  considerable  lapse  of  Closner  is  too  narrow  to  be  mapped  separately 

time.    The  deposits  are    correlated  with  the  from  the  Leona  terraces  and  the  Tertiary  for- 

Beaumont,  which  is  classified  as  Pleistocene,  mations  where  the  Leona  is  missing. 

The  Leona  formation    is    therefore    regarded  Only  the  surficial  part  of  this  deposit  is  non- 

as  of  Pleistocene  age.  marine.     The  area  having  been  reclaimed  from 

the  Gulf  bv  the  deposition  of  sediments  brought 

RECENT  SERIES.  j^,^  ^    ^^^^^  j^j^  Grande  the  lower  beds  are 

FLXTviATiLE  DEPOSITS.  marine,  for  they  contain  marine  Foraminifera, 

Delta  deposits  are  still  being  formed  at  the  J^'l^ch  are  found  where  the  beds  are  penetrated 

mouth  of  the  Rio  Grande.     Below  Closner,  ^^  ^:^"^-  .Th«  "^^f^t  '^^^  ""  surface  expos- 

where  the  normal  flood  plain  merges  into  the  uresis  a  mixture  of  highly  calcareous  and  some- 

J  1.      1                               '^•ii       1  •    i.   A     /3     J  what  selenitic  gray,  blue,  red,  and  brown  clay, 

delta,  large  areas  are  still  subject  to  tlood.  ,     i    j  i.    •  •  x  in  j      xi.     i  •            i_        / 

,r«T.   /.   1                XI     lixf    •        -J      J)    xi-     J  checked  by  joints  tilled  with  calcmm  carbonate. 

What  IS  known  as  the     Mission  ridge,    utilized  ^-                      j                 -u         j        ^ 

.     ,,        .,       -  ,-                   ,        ,  .^  ^       ,        ,  gray   nucaceous   sand,    gray   silt,    and    some 

for  the  railroad,  the  mam  automobile  road  and  ^^ly  sand,  the  whole  impregnated  with  smaU 

the   'yaUey     towns-Mission,  Mc Allen,  Pharr  ^^^^  p^u^^^   ^^  ^^^   carbonate.     The   clay 

San  Juan,   and   Donna— stands   above   flood  greatly  predominates. 

waters  and  is  included  withm  the  Beaumont  q^  ^he  surface  of  the  delta,  particularly 
formation,  but  even  here  the  land  slopes  away  ^^^g  ^j^^  ^^^^  f^om  Raymond ville  to  Browns- 
from  and  toward  the  river  from  the  axis  of  the  y^^^  there  are  numerous  mounds,  5  to  30  feet 
ridge.  Other  towns  m  the  ''valley,^'  including  m  height,  made  of  clay  and  known  as  "clay 
Llano  Grande,  Mercedes,  Harlingen,  Raymond-  buttes."  Though  several  diverse  suggestions 
ville,  Lyford,  Sebastian,  and  Brownsville,  are  as  to  the  origin  of  these  mounds  have  been 
likely  to  be  flooded  in  years  of  high  water,  such  oflfered,  the  suggestion  made  by  Coffey,*^  that 
as  1909,  1919,  and  1922.  These  towns  are  on  they  are  ''clay  dunes,''  seems  most  reasonable, 
higher  land,  however,  and  are  now  largely  pro-  Most  of  them  lie  on  the  leeward  side  of  shal- 
tected  by  great  irrigation  canals  and  their  low  depressions,  which  are  doubtless  the  source 
borrow  pits.  Breaks  occur  in  the  river  banks  of  the  material  of  which  they  were  formed, 
as  far  upstream  as  a  point  above  Mission,  and  Many  of  these  depressions  contain  salt  lagunas. 
old  river  channels  or  *'resacas"  are  found  on  Fresh-water  and  land  shells,  bones,  logs, 
the  widening  flood  plain.  These  resacas  extend  leaves,  and  other  organic  matter,  all  Recent  in 
down  the  valley  as  far  as  Donna,  where  they  age,  are  found  in  the  fluviatile  deposits  in  con- 
concentrate  into  the  definite  channel  of  the  siderable  abundance. 
Rio  Colorado,  which  thus  becomes  a  distribu-  wind-blown  sand. 
tary  of  the  Rio  Grande.    The  channel  of  the  ^^^^^  ^        -^^  ^^^^^^   ^^^  ^^^^  ^^^1     ^^ 

Rio  Colorado  is  as  much  as  40  feet  deep  where  j^buted  are  the  sand  dunes  and  wind-drifted 

It  is  deepest,  near  Harlmgcn,  and  200  feet  vnde.  ^^^j^    i,^„^  ^j  ^  i^       ^^^^  ^^^^^  ^^^^^^  ^^, 

It  carries  safely  the  flood  waters  of  the  Rio  ti^ju^usly    along    the    coast    southward    from 

Grande  except  at  times  of  the  highest  lloods,    T>/r       n       +  *        +4?t3  j   -n 

,        ,,          X      1       1     .1          1         1    xi     •  1  Baflms  Bay  to  a  pomt  east  of  Raymondville 

when  the  water  breaks  through  on  both  sides  ,         ^        j  r      -r       i      •        t.  i^^  xi.  ^  •    ^,. 

.  ,,         ,           .  n         •   X     xi     1-     •       r  T    1  and  westward  tor  /5  imles  in  a  belt  that  is  25 

of  Mercedes  and  flows  into  the  basin  of  Lake  ^     .^      .,           j     r               .i    ^          xi_       i^i  - 

m-                  J   *i.                 *i         1  X          1   i>  to  oO  imles  wide  from  north  to  south.     This 

Tiocano  and  thence  northward  toward  Kay-  .     i    i                •     n       n     r  txth           ^; 

mond ville,  eastward  toward  the  Gulf  (crossing  area  includes  practically  all  of  Willacy   and 

the  St.   Louis,  Brownsville   &   Mexico    Rail-  ^^^oks   counties   and   the    northern  parts    of 


way  south  of  L3rford),  and  back  again 
southeastward  to  the  Rio  Colorado  near  Har- 
lingen. Much  of  this  water  never  reaches  the 
Gulf,  for  the  surface  is  so  flat  and  grassy  and 


Hidalgo  and  eastern  Jim  Hogg  counties. 
Padre  Island  also  consists  chiefly  of  sand  dunes 
blown  up  from  tlie  beach  of  the  Gulfward  side 
of  the  island.     Tliis  is  an  area  of  migrating  and 


the  Gulfward  slope  is  so  low  that  the  water    stationary  dunes,  or  ^'medanos,"  and  of  the 
stands  in  shallow  depressions  and  behind  irri- 


^  Cofloy,  G.  N.,  Clay  dunes:  Jour.  Geology,  vol.  17,  pp.  764-755, 1900, 
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shallow  irregular  depressions  that  are  so  com- 
jnon  in  all  dune  areas. 

Near  the  coast,  where  the  Beaumont  clay 
underlies  the  sand,  the  depressions  contain 
shallow  lagimas,  both  salt  and  fresh.  There 
are  also  considerable  stretches  of  sandy  prairie, 
And  at  many  places  where  there  is  no  surficial 
sand  the  Reynosa  and  Beaumont  formations 
are  exposed.  The  dunes  are  sparsely  covered 
with  live-oak  trees  and  the  prairies  are  dotted 
wdth  patches  of  live-oak  brush.  There  are  also 
large  areas  of  wild  grasses  and  ^'sacahuista.'* 

Most  of  the  sand  is  gray  or  white,  but  some 
of  it,  especially  where  it  overlies  the  Reynosa 
formation,  is  red  or  pink.  It  has  been  thought 
ihat  all  this  sand  was  blown  inland  from  the 
<;oast,  and  perhaps  most  of  it  was,  although 
there  is  no  greater  source  of  sand  here  than 
elsewhere  along  the  coast,  but  some  of  it  was 
derived  from  the  Reynosa  formation,  on  which 
the  sand  in  the  western  part  of  the  belt  lies. 
Here  ''blowholes'^  expose  the  Reynosa  reddish- 
brown  sands,  and  the  dunes  consist  of  this  sand. 
Even  the  gray  sands  may  be  derived  from  the 
Reynosa,  the  colored  iron  coating  having  been 
abraded  from  the  quartz  grains  during  eolian 
transportation. 

COASTAL  DEPOSITS. 

Padre  Island  is  a  long  dune-covered  barrier 
island,  which  is  nowhere  more  than  a  mile  wide. 
It  incloses  Laguna  Madre,  which  is  4  to  10 
miles  wide.  On  the  Gulf  side  of  the  island 
there  are  the  usual  littoral  deposits.  The 
beach  is  sandy  and  is  strewn  with  innumerable 
sea  shells.  The  water  of  the  laguna  is  at  most 
places  so  shallow  that  it  can  be  easily  waded; 
indeed,  at  some  times  and  places  it  is  only  a 
naud  flat  incrusted  with  precipitated  salts. 
At  Point  Isabel,  however,  gasoline  launches 
ply  between  the  mainland  and  the  island,  but 
long  piers  are  necessary,  and  the  boats  drag  the 
bottom  for  considerable  distances  out  from 
either  shore.  In  the  laguna  mud,  silt,  sand, 
shells  and  fragments  of  shells,  and  salt  are  all 
being  laid  down  to  form  the  usual  lagoon* 
deposit. 

IGNEOUS  ROCKS. 

In  southwestern  Uvalde  County,  just  outside 
the  region  and  not  shown  on  the  map,  tluTc  are 
several  small  exposures  of  igneous  rocks  in  the 
form  of  plugs  or  necks.  Most  of  them  make 
hills,  but  some  are  exposed  in  stream  vallej^s 
or  on  flat  surfaces.     The  rocks  are  phonolites  ; 


and  basalts,   which  have  been  described  by 

Cross. ^® 

STRUCTURE. 

The  general  dip  of  the  strata  in  the  Rio 
Grande  region  is  eastward.  North  of  Laredo 
the  dip  is  south  of  east,  between  Laredo  and 
San  Ygnacio  it  is  nearly  due  east,  and  below 
San  Ygnacio  it  is  north  of  east. 

The  averages  of  the  dips  read  for  the  f onna- 
tions  are  shown  below. 

Average  dip^  in  feet  per  mile^  of  formations  in  the  Rio  Grande 

region. 

Beaumont  clay  (PleiHtocene) 25 

Ile>Ti08a  formation  fPliocene?) 17 

Frio  clay 263 

Fayette  sandstone 201 

Yegua  formation 296 

Cook  Mountain  formation 435 

Mount  Selman  formation 180 

Wilcox  group  (Bigford  formation,  Carrizo  sandstone, 

and  Indio  formation) 384 

Midway  formation 155 

These  averages  are  probably  too  high,  how- 
ever, for  the  steeper  dips  are  those  that  are 
most  conunonly  read.  At  most  places  the 
strata  are  so  nearly  horizontal  that  the  dip 
is  not  observable.  The  true  average  dip  of 
each  formation  is  probably  less  than  half  that 
given  above.  According  to  the  figures  given 
the  average  dip  of  the  Eocene  formations  is 
273  feet  per  mile  and  the  Reynosa  and  Beau- 
mont together  average  21  feet  per  mile.  These 
figures  should  probably  be  reduced  to  136  and 
10,  respectively,  or  even  to  lower  figures.  The 
discrepancy  between  the  Eocene  and  post- 
Eocene  formations  again  emphasizes  the  struc- 
tural unconformity  at  the  base  of  the  Reynosa. 

The  reconnaissance  methods  employed  did 
not  permit  detailed  structural  investigations, 
but  indications  of  abnormal  structure  were 
observed  or  were  authentically  reported  to 
occur  at  a  few  places.  According  to  Baker'* 
there  is  an  anticline  about  10  miles  west  of 
Carrizo  Springs,  another  about  15  miles  south- 
east of  Eagle  Pass,  and  probably  still  another, 
lying  chiefly  in  Mexico,  southwest  of  the  old 
Indio  ranch  house.  The  writer  saw  indica- 
tions of  the  first  of  these.  The  second  is 
described    by  Uddcn.^®    Along  Nueces  River 

**  Cross,  Whitman,  U.  S.  Geol.  Survey  Gool.  Atlas,  Uvalde  folio  (No 
(V4),pp.3,  4,  1900. 

»  Baker,  C.  L.,  personal  communication. 

*o  Udden,  J .  A.,  Report  on  a  geul(^ical  survey  of  the  lands  belonging  to 
the  New  York  &  Texas  LAnd  Co.:  Augustana  Library  Pub.  6,  pp. 
8S-90,  1907. 
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below  PuUiam,  there  are  anticlines  and  syn- 
clines  and  faults  of  small  throw.  The  east- 
ward dip  is  somewhat  accentuated  at  the 
Webb-Zapata  shallow  oil  field,  in  the  southeast 
comer  of  Zapata  County.  There  are  relatively 
steep  reversed  dips  in  the  vicinity  of  Roma. 
Probably  an  anticline  here  crosses  the  inter- 
national boundary.  A  lai^e  anticline  has 
been  mapped  by  Crider"  east  of  Laredo. 
Normal  faults  of  small  displacement  were 
observed  on  Chaparrosa  Creek  1 1  miles  west  of 
La  Pryor,  and  half  a  mile  east  of  the  Jones 
ranch,  northwest  of  Crystal  City. 

The  search  for  structural  features  in  the 
Rio  Grande  region  is  full  of  difficulties  and 
subject  to  inaccuracies,  for  formations  vary  in 
character  from  place  to  place,  the  beds  occur 
in  lenses  and  pockets,  the  formational  contacts 
are  ill  defined,  exposures  are  scarce,  wells  are 
few,  and  the  logs  of  most  of  those  which  have 
been  drilled  are  inadequate,  and  false  bedding 
planes,  which  dip  at  all  angles  with  reference 
to  the  true  bedding,  are  abundant. 

There  is  at  least  one  salt  dome  in  the  region. 
It  is  about  5  miles  southeast  of  Falfurrias  and 
crosses  the  Beaumont-Reynosa  contact.  It  is 
5  miles  long  from  east  to  west  and  1  to  IJ  miles 
wide  from  north  to  south.  Quaquaversal  dips 
are  not  plainly  seen,  but  a  surrounding  laguna 
of  salt  brine,  a  large  body  of  gypsum  on  the 
southwest  side,  and  a  topographic  swell  that  is 
more  than  40  feet  high  indicate  that  there  is  a 
salt  dome  at  this  place.  La  Lomita  (little  hill), 
6i  miles  south  of  Mission,  on  the  Rio  Grande, 
which  stands  conspicuously  above  its  alluvial 
surroundings  and  exposes  abnormal  materials 
and  abnormal  dips  may  also  be  a  salt  dome,  but 
the  dips  may  not  represent  true  bedding  planes. 

ECONOMIC   GEOLOGY. 

OIL  AND  GAS. 

More  than  45  separate  projects  are  under 
way  for  the  development  of  oil  and  gas  in  the 
region,  but  only  three  are  producing.  The 
locations  of  these  projects  are  shown  on  the 
map  (PI.  XXVIII). 

In  1920  the  Webb-Zapata  Co.  had  drilled  45 
wells  in  the  southeast  comer  of  Zapata  County 
to  an  average  depth  of  160  feet  and  foimd  some 
oil  and  a  very  little  gas  in  the  Fayette  sand- 
stone. The  dip  here  is  normal  in  direction,  a 
few  degrees  south  of  east,  and  is  198  feet  per 

^iCrider,  A.  F.,  personal  cominuiilcation. 


mile,  somewhat  more  than  the  general  dip  hi 
the  neighborhood.  As  there  are  no  reversed 
dips,  the  oil  probably  occurs  in  a  lens  of  sand, 
which  plays  out  and  is  sealed  up  westward,  fcnr 
the  cap  rock  crops  out  1}  miles  west  of  the  west 
border  of  the  producing  area.  Eight  of  the  wells 
were  pumping  in  1920,  a  gasoline  engine  on 
each.  The  average  yield  is  between  3  and  4 
barrels  a  day.  As  the  field  is  more  than  40 
miles  from  the  railroad  at  Hebbronville,  and 
as  the  road  is  very  sandy,  all  attempts  to  mar> 
ket  the  oil  had  failed  up  to  the  time  of  the 
\\Titer^s  last  visit.  The  oil  was  stored  in 
steel  tanks  at  the  field.  According  to  recent 
reports  it  is  being  marketed. 

Another  producing  field  is  25  miles  south'  d 
Aguilares  and  45  miles  southeast  of  Laredo,  in 
Zapata  Coimty.  Gas  only  is  produced.  Tlifr 
field  is  developed  and  operated  by  the  Bordtf* 
Gas  Co.,  of  Laredo.  The  gas  is  conducted 
through  pipes  to  Laredo,  where  the  company 
operates  the  city  gas  plant.  The  outcropping, 
formation  at  the  wells  is  Fayette.  A  little 
gas  is  obtained  from  a  depth  of  700  feet,  but 
the  main  flow  is  obtained  from  a  depth  of  1,200 
to  1,250  feet.  The  material  penetrated  in  iill 
the  wells  is  almost  entirely  clay  but  includes- 
thin  seams  of  sandstone.  The  main  gas  sand 
lies  in  the  basal  part  of  the  Yegua  or  the  upper 
part  of  the  Cook  Mountain.  The  structure 
here  also  is  homoclinal,  the  gas  sand  dipping 
eastward  at  the  rate  of  30  feet  to  the  mile. 

In  the  spring  of  1921  oil  was  struck  in  a  well 
of  the  Mirando  Oil  Co.,  in  the  extreme  north* 
east  comer  of  Zapata  County.  The  well  site 
is  just  west  of  the  Re}Tiosa-Frio  contact,  and 
practically  the  full  thickness  of  the  Frio  clay 
is  represented  imder  it.  The  oil  sand  was  struck 
at  1,430  feet  from  the  surface,  in  the  Cook 
Mountain  formation.  The  first  well  is  variously 
reported  as  having  given  an  initial  production 
of  20  to  100  barrels  a  day.  The  new  field  ha» 
been  rapidly  developed.  In  the  spring  of  1922 
it  was  credited  with  13  producing  wells,  and 
the  estimated  possible  production  ranged  from 
1 ,000  to  2,300  barrels  a  day.'-  In  addition, more 
than  a  score  of  other  wells  were  being  drilled  in 
other  parts  of  Zapata  and  Webb  coimties. 

This  field  has  produced  also  considerable  gas. 
The  Caroline-Texas  Co.^s  test  well  near  Bruni 

is  reported  as  blowing  8,000,000  to  10,000,000 

— * 

<3  McGreal,  P.  L.,  Oulf  coast  oil  operations:  Oil  and  Gas  Jour.,  voLSI^ 
No.  43,  p.  18,  March  24 ,  1922. 
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cubic  feet  and  the  Laurel  Oil  Co/s  well  No.  1, 
at  Mirando,  as  blowing  40,000,000  cubic  feet. 
According  to  Lupton  ^  the  Aviator  well,  which 
is  about  halfway  between  Mirando  and  the 
Mirando  City  pools,  was  brought  in  with  an 
estimated  production  of  40,000,000  cubic  feet 
in  June,  1922.  Well  No.  2  of  the  Schott  Oil 
Co.  is  also  a  gasser. 

As  the  first  well  was  not  completed  when  the 
writer  was  last  in  the  field  the  structure  in  the 
Mirando  district  has  not  been  worked  out. 
Wrather,**  however,  states  that  the  producing 
sands  in  the  Mirando  and  the  Jennings  fields 
are  at  approximately  the  same  horizon. 

The  future  of  the  Mirando  field  can  not  yet 
be  confidently  predicted,  but  the  field  will  prob- 
ably be  thoroughly  tested  by  the  end  of  1922. 

Gas  has  been  found  at  several  other  places, 
notably  at  Reiser,  2^  miles  west  of  Aguilares, 
in  Webb  Coimty;  in  the  Spurrier  wells  Nos.  1 
and  3,  in  western  Starr  County;  in  the  Higgins 
Oil  &  Gas  Co.'s  wells,  15  miles  southeast  of 
Eagle  Pass,  in  Maverick  County;  and  in  the 
well  of  the  International  Refining  Co.,  7  miles 
northeast  of  La  Pryor,  in  Zavalla  County.  At 
Reiser,  which  is  only  a  few  miles  northwest  of 
the  northern  border  of  the  Mirando  field,  the 
gas  is  obtained  from  the  Yegua  and  Cook 
Mountain  formations  at  depths  ranging  from 
150  to  1,650  feet.  The  Spurrier  wells  also  con- 
tain gas,  though  in  small  quantities,  from  the 
Yegua.  The  gas  in  the  Higgins  wells  is  ob- 
tained from  Cretaceous  beds.  The  well  of  the 
International  Refining  Co.  is  reported  to  have 
struck  a  50,000,000  cubic  foot  gas  blow  at  a 
depth  of  1,200  feet  from  the  surface.  The 
outcropping  formation  is  the  Indio,  and  pre- 
sumably this  gas  also  comes  from  Cretaceous 
beds.  The  first  well  at  Pulliam,  on  the  Uvalde- 
Zavalla  county  line,  is  reported  to  have  pro- 
duced about  5  barrels  of  oil  a  day. 

So  far  as  known  the  results  of  all  other  tests 
have  been  negative.  However,  outside  of  the 
Mirando  field  few  of  the  deep  test  wells  have 
been  completed,  and  oil  may  have  been  struck 
in  weUs  unknown  to  the  writer.  Several  of 
the  projects,  notably  those  of  the  Higgins,  In- 
ternational, and  Empire  companies  and  the 
Hanchett  project,  have  been  carried  on  in  a 
serious  and  intelligent  mannier,  but  the  operators 

*  LuptoQ,  C.  T.,  oral  commuiiication  to  L.  W.  Stephenson. 
«  Wrather,  W.  E.,  The  Mirando  Oil  Co.  well,  Zapata  Coimty,  Tex.: 
Am.  Assoc.  Petroleum  Geologists  Bull.,  vol.  5,  p.  625, 1921. 


drilling  many  of  the  wells  have  shown  neither 
intelligence  nor  diligence. 

The  search  for  oil  and  gas  in  paying  quan- 
tities will  be  continued  only  with  great  diffi- 
culty and  with  large  risk  of  money.  The  work 
of  locating  and  mapping  areas  in  which  the 
structure  is  favorable  is  difficult,  and  even  a 
well-developed  and  accurately  mapped  anti- 
cline may  contain  no  oil-bearing  sand.  The 
possibility  that  the  San  Miguel  formation  (cor- 
related with  part  of  the  Taylor  marl  and  the 
Anacacho  limestone)  of  the  Upper  Cretaceous, 
may  be  petrohferous  is  not  unpromising.  The 
Cook  Mountain  formation  gives  some  indica- 
tion of  being  a  fairly  persistent  producing  sand 
where  the  structure  is  favorable.  Both  oil  and 
gas  have  been  found  in  this  formation  in  the 
Mirando  field  and  in  smaller  quantities  else- 
where. It  appears  to  contain  indigenous  pe- 
troleum at  Oil  City,  Nacogdoches  Coimty,  and 
at  Crowther,  McMuUen  County.  This  forma- 
tion should  be  tested  wherever  drilUng  is  done. 
The  expenses  of  development  will  be  high,  for  a 
large  part  of  the  region  is  not  easily  accessible 
to  raUroads  or  seaports,  and  even  after  develop- 
ment there  is  still  the  problem  of  getting  the 
product  to  market. 

Probably  the  most  promising  structural 
features  to  look  for  and  to  test  are  salt  domes. 
About  50  per  cent  of  the  known  Texas  salt 
domes  have  produced  oil  and  some  of  them 
have  produced  it  in  large  quantities.  The  salt 
dome  southeast  of  Falfurrias  was  tested  some 
years  ago  by  the  Texas  Co.,  but  with  negative 
results.  The  hill  south  of  Mission,  known  as 
La  Lomita,  which  may  be  a  salt  dome,  is  now 
being  tested  by  the  La  Lomita  Oil  Syndicate.  / 
Other  salt  domes  will  doubtless  be  discovered 
in  the  region,  and  petroleiun  may  be  foimd  in 
them. 

On  the  whole  the  prospects  of  the  ultimate 
discovery  of  one  or  more  highly  productive  oil 
or  gas  fields  in  this  region  are  not  discouraging, 
but  the  prehminary  work  should  be  done  with 
great  care  and  the  money  required  will  be 
expended  at  considerable  risk. 

COAL. 

According  to  Ashley,*^  the  coal  which  has 
been  extensively  mined  at  Minero,  Dolores, 
Cannel,  and  Santo  Tomas,  in  Webb  County, 

«  Ashley,  O.  H.,  The  Santo  Tomas  cannel  coal:  U.  S.  Geol.  Survey 
Bull.  691,  pp.  251-270,  1919. 
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and  which  is  in  the  Mount  Selman  formation, 
is  probably  the  lai^est  body  of  cannel  coal  of 
bituminous  rank  in  the  United  States,  if  not  in 
the  world.  Johnson  &  Coleman  are  taking 
out  enough  of  this  coal  at  their  mine,  4  miles 
east  of  Falafox,  to  run  their  pumping  plants  on 
the  river.  Coal  from  the  same  formation,  and 
probably  of  about  the  same  quality,  is  found  on 
Espada  Creek,  in  Webb  County,  near  the  base 
of  the  Mount  Selman  fonnation.  A  14-inch 
bed  of  coal  is  also  reported  to  outcrop  near  the 
top  of  the  Moimt  Selman  formation  on  the  Rio 
Grande  at  low  water  at  and  near  the  mouth  of 
Arroyo  Santa  Isabella. 

Beds  of  coal,  probably  of  poorer  quality,  may 
be  obtained  from  the  Indio  and  Bigford  forma- 
tions at  many  places  where  these  formations 
outcrop.  Lignite  is  found  at  the  surface  and  at 
shallow  depths  at  places  east  and  southeast  of 
Dentonio  and  at  the  Mangrum  and  Butlcdgc 
ranches,  west  and  south  of  La  Pryor.  It  is 
also  penetrated  in  wells  at  La  Pryor.  An  18  to 
20  inch  bed  of  hard,  brittle,  and  bright  coal 
outcrops  1^  miles  above  the  mouth  of  San 
Lorenzo  Creek,  in  Webb  County,  in  the  Big- 
ford  formation.  There  is  also  an  exposure  of 
coal  at  the  mouth  of  the  first  creek  south  of  the 
Apache  ranch  house. 

At  Pilotes  ranch,  about  10  miles  north  of 
Patafox,  as  many  as  11  seams  of  coal  and  bone 
were  struck  in  a  test  drilling  at  depths  ranging 
from  74  to  236  feet.  The  surface  fonnation 
here  is  the  Mount  Selman,  but  the  carbonace- 
ous beds  are  in  the  Bigford  formation.  Coal  in 
this  same  formation  outcrops  on  Concillos 
Creek  near  its  mouth  and  on  Nueces  River  2J 
miles  east  of  the  Asherton-Big  Wells  road,  a 
'  few  miles  outside  the  Rio  Grande  region. 

Coal  is  reported  by  Judge  A.  F.  Spohn,  of 
Zapata,  to  occur  just  north  of  Zaputa  and  in 
the  valley  of  Dolores  Creek  near  the  Webb- 
Zapata  county  line.  This  locality  is  in  the 
outcrop  of  the  Cook  Moimtain  formation.  No 
coal  was  seen,  however,  in  the  many  sections  of 
the  Cook  Mountain  formation  examined. 

WATER  RESOTTECES. 

Deusson  and  Dole  '"  have  investigated  the 
undoi^uund  water  resources  of  La  Salle  ami 
McMullen  counties,  and  Deussen"  has  reported 


on  the  underground  waters  of  the  whole  of 
southern  part  of  the  Texas  Coastal  Plain, 
counties  mentioned  are  close  to  thjB  lower 
Grande  region  and  the  conditions  that  pre 
in  them  extend  into  this  region. 

HRICK-HAXINO  UATBRIAL. 

Few  of  the  clays  of  the  lower  Rio  Gra 
region  are  suitable  for  making  good  bt 
There  is  an  abandoned  brick  plant  at  Rei 
The  pit  is  in  uppermost  Yegua  or  loi 
Fayette,  and  the  clay  is  fairly  pure.  Fai 
brick  of  good  grade  was  made  here.  The  p] 
was  abandoned  when  the  Border  Gas 
shut  down  its  gas  wells  at  Reiser,  thus  si 
ting  off  the  gas  used  as  fuel.  At  no  o 
place  in  the  region  has  facing  brick  been  mi 
factured. 

Along  the  lower  Rio  Grande  and  its  n 
delta  distributaries  there  are  numerous 
from  which  material  is  taken  by  Mexicans 
making  crude  adobe  brick.  The  largest 
most  efficient  plant  of  this  kind  is  at 
Ebanos,  about  2  miles  southwest  of  i 
Fordyce.  Beaumont  terrace  silts,  or  rei 
fluvial  silts,  are  mixed  with  water  in  the  pit 
worked  into  plastic  masses  having  the  i 
sistency  of  dough.  This  matFcnal  is  thr 
into  trays  containing  six  brick-sized  comp 
ments,  which  are  sprinkled  with  dry  sani 
prevent  it  from  sticking.  The  clay-filled  i 
is  then  carried  by  hand  to  a  sunny  flat  near 
pit  and  inverted,  the  wet  bricks  being  left  f 
time  to  dry.  When  they  have  dried  out  s 
ciently  they  are  stacked  or  "ricked"  in  o 
piles  for  further  drying  by  sun  and  w 
Finally  they  are  placed  in  rough  kilns  mad 
adobe  bricks  and  baked,  branches  of  i 
quite  being  used  as  fuel.  The  brick  is  p 
but  it  stauds  fairly  well  the  pressure  of 
Me.xican  one-story  house. 


The  gravel  supplies  of  the  region  are  pie 
ful,  widely  distributed,  and  of  good  qua! 
The  Reynosa  formation  furnishes  gravel 
high  grade  for  road  ballast  and  concrete  T< 
practically  wherever  it  is  exposed,  whethe 
tlie  main  outcrop  of  the  formation  or  wes 
the  Bordas  scarp,  where  only  patches  of  I 


!r,  i:eoloi,'yaiiil  underground  wat«iio[thei 
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nosa  are  found.  As  only  1  per  cent  of  the 
gravel  is  over  4  inches  in  diameter,  as  three- 
fourths  of  the  pebbles  and  cobbles  are  composed 
of  chert  or  other  siliceous  material,  as  the 
pieces  are  well  rounded  and  smooth,  and  as 
the  material  is  practically  nowhere  so  firmly 
cemented  as  to  require  blasting  in  its  excava- 
tion, this  deposit  makes  excellent  commercial 
gravel.  There  are  half  a  dozen  or  more 
pits  along  the  river  between  Sam  Fordyce  and 
Pefiitas.  In  some  the  loosely  cemented  and 
unconsolidated  gravel  is  taken  out  \vith  steam 
shovels,  and  in  others  it  is  removed  by  hand. 
At  some  plants  it  is  sorted  by  power-driven 
screens,  and  at  others  by  hand  screening. 
Most  of  the  gravel  is  used  in  the  valley,  but 
some  is  shipped  as  far  as  Houston.  At 
Green's,  in  Webb  Coimty,  on  the  International 
&  Great  Northern  Railway,  where  there  is  an 
outlier  of  Reynosa,  a  large  pit  has  long  been 
under  excavation.  Most  of  the  gravel  is  loaded 
by  steam  shovels  into  cars  and  used  as  ballast 
on  the  railroad.  Some  of  it  has  been  used  to 
surface  a  section  of  the  San  Antonio-Laredo 
wagon  and  automobile  road  between  Green's 
and  Webb. 

SAND. 

Good  sand  is  not  so  abimdantly  produced  as 
gravel,  although  there  is  plenty  of  it.  The 
sand  lenses  in  the  Reynosa  would  furnish 
some,  but  they  do  so  only  where  the  sand  is 
mixed  with  the  finest  grades  of  gravel.  The 
sand  sorted  out  of  the  Reynosa  by  the  wind 
and  piled  into  dunes  in  the  main  sand  belt 
and  elsewhere  is  generally  pure,  fine-grained 
quartz  sand,  but  it  is  not  used  commercially. 
An  abundance  of  sand  is  derived  from  the 
coastal  beaches  and  lagoons  in  the  sand  belt 


also,  but  neither  is  this  produced.  The  only 
sand  used  commercially  to-day  is  in  the  Beau- 
mont delta-hke  deposits  at  Mission  and  McAl- 
len,  where  25-foot  lenses  of  almost  piu'e-white 
sand,  underlie  clay  and  silt.  The  sand  ob- 
tained at  Mission  sells  for  $2.25  a  cubic  yard 
at  the  pit. 

GTPSUM. 

The  sediments  of  the  region  inclose  a  large 
amount  of  gypsum  in  thin  beds,  seams,  plates, 
crystal  aggregates,  and  larger  bodies,  but  it  is 
nowhere  utilized. 

BOAD  MATERIAL. 

The  quartzites,  sandstones,  limestones,  con- 
cretions, and  conglomerates  of  the  region 
would  make  good  material  for  building  roads, 
but  as  few  roads  have  been  built  they  have  not 
yet  been  so  utilized.  Argillaceous  and  cal- 
careous materials  from  the  Reynosa  formation 
have  been  used  to  harden  an  excellent  road 
through  the  sand  belt  from  Falfurrias  to  Edin- 
burg,  permitting  automobile  traflBc  into  the 
valley  from  coastal  points  farther  north. 

Shallow  pits  are  opened  along  the  road  every 
mile  or  two  and  the  material  is  laid  on  a  graded 
surface  of  sand.  This  road  lacked  about  10 
miles  of  being  completed  in  1920.  The  same 
material  is  being  used  in  the  same  way  on  the 
sandy  road  to  Rio  Grande  City  from  Hebbron- 
.ville. 

CEMSKT. 

It  is  possible  that  a  proper  combination  of 
hmestone,  clay  or  shale,  and  gypsum  might  be 
foimd  for  the  manufacture  of  Portland  cement, 
coal,  oil,  or  gas  being  used  for  fuel,  but  no 
commercial  concern  has  yet  found  this  com- 
bination. 


NEW  SPECIES  OF  MOLLUSCA  FROM  THE  EOCENE  DEPOSITS  OF 

SOUTHWESTERN  TEXAS. 


By  Julia  Gardner. 


The  new  species  and  subspecies  whose  names 
are  used  in  the  preceding  paper  by  A.  C. 
Trowbridge  are  described  below.  One  species 
that  had  ahready  been  described  and  that  is 
here  treated  as  a  subspecies  of  Ostrea  ala- 
bamiensis  is  considered  in  detail  because  of  its 
abundance  in  the  middle  and  upper  Eocene 
deposits  in  the  lower  Rio  Grande  region. 

The  letters  after  some  of  the  station  nimibers 
have  the  following  significance:  (a)  abundant, 
(c)  common,  (p)  present,  (r)  rare. 

PELECTPODA. 

FamUy  NUCTTIXDAE. 

QeBUi  NUCTJLA  Lamarck. 

Nncula  sp. 

Plate  XXIX,  figure  3. 

The  rock  in  the  area  a  little  south  of  Laredo, 
in  Webb  County,  is  made  up  largely  of  a  Nvctda, 
which  is  probably  distinct  from  any  species 
described,  though  it  is  very  close  to  N,  magnijica 
Conrad.  It  is  about  3  centimeters  high  and 
broad  and  is  sculptm-ed  with  prominent  growth 
lines  and  a  uniformly  developed,  subcutaneous 
radial  threading.  No  hinges  or  perfect  exte- 
riors have  been  foimd,  but  the  pearly  frag- 
ments of  the  thick  shell  pack  the  matrix. 

Occurrence :  Cook  Mountain  formation.  .  Sta- 
tion 7492  (p),  1  mile  east  of  Laredo;  station 
8818  (a),  5  miles  southeast  of  Laredo,  Webb 
Coimty. 

FamUy  OSTBEIDAE. 

Genua  OSTBEA  (Linnaeus)  Lamarck. 

Ostrea  tasex  Gardner,  n.  sp. 

Plate  XXXI. 

fOstrea  muUilirata  Conrad,  U.  S.  and  Mex.  Boundary  Sur- 
vey Rept.,  vol.  1,  pt.  2,  p.  157,  pi.  12,  figs.  1  a-d, 
1857. 

Shell  of  only  moderate  dimensions  for  the 
genus,  subequivalve,  ovate- trigonal  in  outline, 
generally  somewhat  produced  anteriorly;  sur- 
face layer  decorticated;  both  the  right  and  left 
valves  radiately  sculptured  with  15  to  20  fine, 
approximately  uniform,  rippling  riblets,  similar 
to  those  developed  upon  the  attached  valve  of 
O.  crenuLimarginata  Gabb;  ligament  area  mod- 
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erately  large,  somewhat  flattened  in  the  right 
valve,  the  medial  depression  relatively  wide, 
broadly  but  not  deeply  excavated;  growth 
striae  obvious;  lateral  margins  very  finely 
crenate,  the  crenae  persistent  in  some  individ- 
uals around  the  entire  inner  margin;  basal  mar- 
gin often  fluted  in  harmony  with  the  external 
sculpture ;  adductor  muscle  scar  crescentic,  lying 
below  the  median  horizontal,  moderately  large, 
not  very  deeply  excavated;  pedal  scar  obscure. 

Dimensions:  Right  valve,  altitude  80  milli- 
meters, latitude  65  millimeters;  left  valve, 
altitude  98  millimeters,  latitude  72  millimeters. 

Type  locality:  Station  8925,  a  quarter  of  a 
mile  northeast  of  Glass  ranch  headquarters, 
Dimmit  County,  Tex. 

Ostrea  tasex  is  the  analogue  in  southwestern 
Texas  of  Ostrea  crenvlimarginata  of  the  Midway 
of  Alabama.  In  the  Alabama  species,  how- 
ever, the  right  valve  is  smooth,  but  in  those 
found  along  the  Rio  Grande  the  two  valves  are 
similarly  sculptured.  Toward  the  umbones  the 
radials  are  sharply  elevated,  though  they  tone 
down  into  an  even  fluting  toward  the  outer 
margin. 

Ostrea  tasex  is  probably  identical  with  Ostrea 
mvltUirata  Conrad,  collected  from  the  so-called 
Cretaceous  of  *'  Dry  Creek,  Mexico.''  Conrad's 
types  are  in  the  National  Museum  and  are 
fairly  well  preserved.  Nothing  of  the  kind  has 
been  reported  from  the  Cretaceous  by  later  in- 
vestigators who  have  collected  extensively  in 
the  Rio  Grande  area.  However,  Ostrea  cortex, 
collected  at  the  same  locality,  is  certainly  a 
Cretaceous  species,  and  until  *'Dry  Creek"  can 
be  definitely  located  and  the  confusion  in  the 
stratigraphic  relations  cleared  the  Wilcox  form 
may  well  be  kept  apart. 

Stations  in  Indio  formation. 

8927  (c).  4  miles  south  of  Rockdale,  Milam  County. 

G278  (a).  11  miles  south  of  Sabinal,  Uvalde  County. 

3187  (r?).  East  side  of  the  Rio  Grande,  in  Maverick 
County,  about  3  J  miles  above  the  mouth  of  San  Ambrosia 
Creek. 

9173  (c).  17  miles  west  of  Camzo  Springs,  Dimmit 
County. 
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8925  (c).  A  quarter  of  a  mile  northeast  of  Glass  ranch 
headquarters,  Dimmit  County. 

1/67  (c).  3  miles  north  by  west  of  San  Pedro  ranch,  on 
the  Maverick-Dimmit  Countv  line. 

Ostrea  alabamiensis  subsp.  georgiana  Conrad. 

Plate  XXIX,  figures  6,  7;  Plate  XXX. 

Ostrea  georgiana  Conrad,   Acad.   Nat.   Sci.   Philadelphia 

Jour.,  Istser.,  vol.  7,  p.  156,  1834. 
Dana,  Manual  of  geologj',  1st  ed.,  p.  519,  fig.  811,  1863. 
Dall,  Wagner  Free  Inst.  Sci.  Trans.,  vol.  3,  pt.  4, 

p.  683,  1895. 
Ostrea  titan  Conrad,  Acad.  Nat.  Sci.  Philadelphia  Proc., 

Ist  ser.,  vol.  6,  p.  199,  1854;  Pacific  R.  R.  Rcpt., 

vol.  6,  pt.  2,  p.  72,  pi.  4,  fig.  17a;  pi.  5,  fig.  17a,  1857. 
Ostrea  contractu  Conrad,  U.S.  and  Mex.  Boundary'  Survey 

Rept.,  vol.  1,  pt.  2,  p.  160,  pi.  18,  fig.  1  a-d,  1857. 
Ostrea  alabamiensis  Conrad  var.  contracta  Harris,  Bull.  Am. 

Paleontology,  vol.  6,  p.  9,  pis.  3,  4,  pi.  5,  fig.  2,  1919. 

Type  localities:  ^'Orangeburgh,  S.  C. ;  Shell 
Bluff  and  near  Milledgeville,  Ga.'' — Conrad, 
1834. 

Ostrea  alabamiensis  subsp.  georgiana  is  the 
most  conspicuous  species  in  the  later  Eocene 
of  Texas,  and  in  many  localities  it  is  the  only 
fossil  collected.  Its  range  of  variation,  like 
that  of  other  oysters,  is  wide.  Only  a  very 
small  percentage  of  individuals  retain  the  fine 
epidermal  sculpture,  the  one  constant  feature, 
and  one  identical  with  that  of  0.  alahamiensis. 
However,  in  the  large  mass  of  material  avail- 
able for  study — several  hundred  individuals — 
certain  differences  in  the  average  individual 
developed  at  the  different  horizons  can  be  de- 
tected. None  of  the  huge,  very  much  elon- 
gated and  massive  shells  so  common  in  the 
Fayette  near  Roma  in  Starr  County  have  been 
foimd  in  the  Cook  Mountain  formation  farther 
north.  The  forms  occurring  at  this  lower 
horizon  are  of  only  moderate  dimensions, 
usually  relatively  thin  and  broadening  at  the 
base,  and,  as  a  rule,  conspicuously  laminar. 
This  decided  laminosity  is  one  of  the  more  per- 
sistent features  of  the  Cook  Mountain  0,  geor- 
giana. The  Cook  Mountain  form  grades  into  0. 
alahamiensis  though  the  hinge  is  usually  heavier 
aoid  more  elongated.  The  ver>^  large,  massive, 
narrow,  and  elongate  individuals  described  by 
Conrad  imder  0.  contracta  occur  in  considerable 
niunbers  in  the  Yegua,  and  in  the  Fayette  this 
type  has  shut  out  almost  entirely  the  smaller 
and  thinner  race  of  the  Cook  Mountain. 

Stations  in  Cook  Mountain  formation. 

6650  (c),  6657  (c),  6652  (c).  Environs  of  Cotulla,  La  Salle 
County. 


8816  (p).  100  feet  south  of  windmill,  Marguerita  ranch, 
6.4  miles  west  of  Webb  Station,  Webb  County. 
8785  (p).  2.1  miles  east  of  Webb,  Webb  County. 

8841  (p).  Half  a  mile  west  of  triangulation  station 
Dolores,  2  miles  north  of  Dolores,  Webb  County. 

8842  (p).  Three-foiurths  mile  west  of  triangulation  sta- 
tion Dolores,  Webb  County. 

8830  (p).  10  miles  northwest  of  Laredo,  Webb  County. 

2113  (c).  5  miles  northeast  of  Laredo,  Webb  County. 

8765  (r).  2.3  miles  northeast  of  Laredo,  at  crossing  of 
San  Antonio  road  ^^ath  International  &  Great  Northern 
Railwav,  Webb  Countv. 

7492  (p).  1  mile  east  of  Laredo,  Webb  County. 

6058  (r)  (old  series).  Laredo,  Webb  County. 

8835  (a).  6  miles  southeast  of  I>aredo,  Webb  County. 

6436  (r).  La  Perla  ranch,  below  Laredo,  Webb  County. 

8840  (c).  North  bank  of  Salado  Creek,  Zapata  County. 

9116  (c).  Soledad,  Zapata  County. 

9112  (c).  2  miles  down  the  river  from  Zapata,  Zapata 
Countv. 

9109  (p).  Rio  Grande  prospect,  4.8  miles  southeast  of 
Zap>ata,  on  Roma  road,  2.5  miles  northeast  of  main  road, 
Zapata  County 

9110  (p).  4.8  miles  southeast  of  Zapata,  Zapata  County. 

9113  (c).  5^  miles  southeast  of  Zapata,  Zapata  County. 
9175  (p).  14.2  miles  below  Zapata,  Zapata  County. 
6432  (r).  Arroyo  Dolores,  Zapata  County. 

9106  (r).  Zapata  County. 

Stations  in  Yegua  formation. 

8784  (a).  3.4  miles  east  of  Cactus  Station,  W^ebb  County. 

8809  (c).  12  miles  northeast  of  Laredo,  Webb  County. 

8849  (p).  7  miles  northeast  of  Laredo,  Webb  County. 

§001  (c).  7  miles  east  of  Laredo,  Webb  County. 

8834  (a).  8  miles  east  of  Laredo,  Webb  County. 

9119  (p).  2i  miles  southwest  of  Alejandrefias  ranch, 
Zapata  County. 

7741  (r).  1  mile  northwest  of  Pedemal  ranch  headquar- 
ters, Zapata  County. 

9182  (a).  3.2  miles  northeast  of  LopefLo,  2^pata  County. 

8843  (a).  23i  miles  northwest  of  Rio  Grande  City,  Zapata 
County. 

9187  (p).  2}  miles  south  of  Romireiio,  Zapata  County. 

9188  (p).  3  miles  south  of  Romirefio,  Zapata  County. 

Stations  in  Fayette  sandstone. 

6147  (a).  C.  T.  Tom  ranch,  }  mile  south  of  CampbeUion, 
Atascosa  County. 

6144  (a)  6  miles  east  of  Campbell  ton,  Atascosa  County. 

6146  (p).  3  miles  southeast  of  Campbellton,  AtascosB 
County. 

3601  (r).  Winchester,  Fayette  County. 

9094  (p).  Reiser,  Webb  County. 

9098  (c).  1.3  miles  southwest  of  Webb-Zapata  shallow 
oil  field,  Zapata  County. 

7740  (a).  Charco  Redondo  ranch,  Zapata  County. 

8060  (p).  Charco  Redondo  ranch,  2japata  County. 

9179  (p).  3.6  miles  northeast  of  Palo  Blanco  ranch,  Za- 
pata Coimty. 

9181  (a).  3  miles  northeast  of  La  Presa  ranch  house, 
Zapata  County. 

9096  (c).  3.6  miles  south  of  Huisatche  ranch,  Jim  Hogg 
County. 

9192  (p).  19  miles  north  of  Roma,  Starr  County. 
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9191  (c).  15  miles  north  of  Roma,  Starr  County. 
9189  (r).  7  miles  above  Roma,  Starr  County. 
9193  (c).  1.7  miles  northeast  of  Agua  Dulce  ranch,  north 
of  Roma,  Starr  County. 
7493  (p).  12i  miles  below  Arroyo  Tigre  on  road  to  Roma, 

Starr  County. 

Stations  in  Frio  clay. 

6666  (r).  9  miles  north  of  Tilden,  McMullen  County. 
6665  (a).  One-fourth  mile  east  of  post  No.  7,  west  of 
Tilden,  McMullen  County. 
3093  (p).  Fort  Ringgold,  Starr  County. 

Family  PABilLLELODONTroAE. 
Qenns  CTJCITLLAEA  Lamarck. 

CucuUaea  is  one  of  the  more  conspicuous 
fossils  in  the  Midway  of  Texas.  Apparently 
there  is  but  a  single  species,  though  the  small 
and  poorly  preserved  northern  forms  may 
prove  to  be  distinct  from  those  of  the  Rio 
Grande  province.  This  species  is  certainly  not 
identical  with  C.  macrodonta,  found  farther 
east,  though  the  diflFerences  may  not  be  of  spe- 
cific rank.  Its  relation  to  C,  saffordi  Gabb, 
described  from  a  lost  type  two-tenths  of  an 
inch  in  latitude,  is  even  less  definite. 

Cncullaea    (macrodonta   subsp.?)    texana    Gardner,    n. 

subsp. 

Plate  XXIX,  figures  4, 5. 

Cueullaea  macrodonta  Harris  (part).  Bull.  Am.  Paleontol- 
ogy, vol.  1,  No.  4,  p.  165,  1896. 

Cueullaea  saffordi  Harris  (part),  Bull.  Am.  Paleontology, 
vol.  1,  No.  4,  p.  165,  1896. 

Shell  large,  heavy,  inflated,  the  single  valves 
rudely  quadrate  in  outline,  the  double  valves 
cordate  in  cross  section  through  the  umbones; 
umbones  prominent,  inflated,  overhanging  the 
cardinal  area,  the  tips  incurved  and  prosogy- 
rate,  slightly  in  advance  of  the  median  vertical; 
length  of  hinge  approximately  five-sixths  that 
of  the  shell;  anterior  extremity  angulated  dor- 
sally,  rounding  broadly  into  the  ventral  mar- 
gin; base  line  approximately  horizontal  medi- 
ally; posterior  extremity  obliquely  tnmcate; 
posterior  area  flattened,  delimited  by  a  narrow 
but  obtuse  ridge  with  a  shallow  sulcus  behind 
it;  valves  differentially  sculptured,  the  right 
valve  exhibiting  about  30  low,  broad  radials 
separated  by  linear  interspaces  and  persisting 
to  the  posterior  keel,  where  they  abruptly  dis- 
appear; a  very  fine,  close,  and  uniform  radial 
cording  developed  upon  the  posterior  area  in 
some  individuals,  but  commonly  absent,  as  in 
the  type,  or  evanescent  toward  the  margin. 
Left  valve  exhibiting  only  about  24  radials 
distributed  over  the  medial  and  anterior  por- 


tions of  the  shell  but  absent  upon  the  posterior 
third,  narrower  than  those  upon  the  right  valve 
and  separated  by  interspaces  of  a  width  almost 
equal  to  the  radials;  sculpture  of  posterior  area 
similar  in  the  two  valves;  incremental  sculp- 
ture pronounced,  particularly  toward  the  base; 
hinge  area  of  moderate  width  for  the  genus, 
obliquely  grooved;  hinge  very  imperfectly  pre- 
served; very  narrow  medially  with  short  ver- 
tical teeth,  abruptly  widening  near  the  extrem- 
ities; distal  teeth  coarse,  few  in  number,  and 
rudely  parallel  to  the  hinge  margin;  characters 
of  interior  not  known. 

Dimensions:  Altitude, 42.0millimeters;  length 
of  hinge,  39.0  millimeters;  maximum  latitude, 
47.5  millimeters;  diameter,  40.0 ±  millimeters. 

Type  locality :  White  Bluff,  Rio  Grande,  Mav- 
erick County,  Tex.  Type,  U.  S.  National 
Museum. 

The  specimens  from  Kaufman  County,  in  the 
northern  part  of  the  State,  are  smaller  than 
those  from  points  along  the  Rio  Grande.  They 
differ,  too,  in  the  more  uniform  development 
of  a  radial  sculpture  upon  the  posterior  area. 

CucuUdea  {macrodonta  subsp.  ?)  texana  varies 
widely  in  outline  and  to  a  lesser  degree  in 
detail  of  sculpture.  The  shell  runs  larger  and 
heavier  than  the  typical  C.  macrodonta  Whit- 
field, and  the  sculpture  of  the  left  valve,  though 
discrepant,  is  regular  and  differs  from  that  of 
the  right  only  in  the  narrower  ribs,  wider  inter- 
spaces, and  in  its  development  over  a  more 
restricted  portion  of  the  shell.  These  differ- 
ences, though  slight,  are  fairly  constant  in  the 
imperfect  material  in  hand.  CitcuUasa  saffordi 
Gabb  was  described  from  a  shell  0.2  inch  in 
latitude.  Tliis  type,  according  to  Harris,  has 
been  lost.  Until  the  young  have  been  corre- 
lated with  adults  at  the  type  locality  and  the 
species  adequately  described  from  such  mate- 
rial the  characters  of  C,  saffordi  Gabb  must  be 
open  to  question.  There  is  need  for  uncommon 
caution  in  Hardeman  County,  as  the  Upper 
Cretaceous  and  Eocene  outcrops  are  very  near 
to  one  another  and  were  confused  in  some  of 
the  earUer  collections. 

Stations  in  Midway  formation. 

2440  (c).  4  milee  east  of  Kemp,  Kaufman  County. 

2439  (r).  1  mile  east  of  Webberville,  Travis  County. 

?6584  (r).  D'Hanis- Yancey  road,  about  7J  miles  east  of 
south  of  D'Hanis,  Medina  County. 

3180  (c).  Bluff  on  Frio  River,  half  a  mile  below  Myrick'e 
(Evans's)  apiary,  Uvalde  County. 
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583  (r).  18  miles  southeast  of  Eagle  Pass,  Maverick 
County. 

4398  (p).  18  miles  southeast  of  Eagle  Pass,  Maverick 
County. 

6583  (p).  Biboro  Creek,  just  below  Biboro  tank,  al)out 
18  miles  southeast  of  Eagle  Pass,  Maverick  County. 

6575  (c).  White  Blui!  on  Rio  Grande,  land  of  Indio  Cat- 
tle Co.,  about  4 J  miles  west  of  south  of  Jacal  ranch  house, 
in  southeastern  part  of  Maverick  County. 

Family  CABDITIDAE. 

Genus  VENEBICABDIA  Lamarck. 

Venericardia    (alticostata   subsp.?)    white!    Gardner,   n. 

subsp. 

Plate  XXXII,  figure  3. 

Venericardia  alticostata  Harris  (part),  Bull.  Am.  Paleon- 
tology, vol.  1,  No.  4,  p.  171,  pi.  5,  fig.  3,  1896. 

Not  Venericardia  perantiqua  Conrad,  Am.  Jour.  Conchol- 
ogy,  vol.  1,  p.  8,  1865. 

Shell  small  but  thick  and  heavy,  tranversely 
elongated  in  outline,  rather  compressed;  imi- 
bones  low,  broadly  rounded,  for  the  most  part 
strongly  anterior  in  position;  lunule  minute; 
anterior  extremity  bowed  in  front  of  the  lunule; 
posterior  extremity  obliquely  produced  and 
broadly  rounded;  base  line  feebly  arcuate;  sur- 
face coarsely  sculptured  radially;  radials 
usually  19  to  21  in  number,  broad,  crowded  and 
heavily  corrugated  upon  the  anterior  and  me- 
dial portions  of  the  shell;  narrow  and  less 
closely  spaced  posteriorly;  ligament  characters 
not  known;  dentition  apparently  normal,  very 
poorly  preserved  in  all  the  material  available 
for  study;  adductor  scars  very  distinct;  pallial 
line  simple;  inner  margins  very  coarsely  crenatc. 

Dimensions:  Altitude,  25  millimeters;  lati- 
tude, 31  millimeters;  semidiameter,  13.5  milli- 
meters. 

Type  locality:  Station  3180,  BluflF  on  Frio 
River  half  a  mile  below  Myrick's  apiary,  Uvalde 
County. 

The  new  subspecies  differs  from  F.  alticostata 
8.  s.  and  from  the  subspecies  hesperia  in  the 
simple  radials.  V.  smithii  is  larger  and  rela- 
tively higher  as  a  rule,  with  normally  over  30 
radials  instead  of  less  than  25,  as  in  wJiitei. 

Venericardia  perantiqua  was  described  under 
the  name  Cardita  svhquadrata  by  Gabb  from 
the  Eocene  of  New  Jersey.  The  casts  are  very 
imperfect,  but  they  indicate  a  much  compressed,  I 
trigonal  to  subquadnito  form  (juite  unlike  any- 
thing reported  from  the  Eocene  of  Texas  or  of  j 
the  Gulf. 

The  fonn  is  named  in  honor  of  Dr.  Charles  A. 
WTiite,  one  of  the  foremost  of  the  earlier  paleon- 
tologists and  one  of  the  first  to  collect  from  the 
Texas  Tertiary  formations. 


St/Uions  in  Midway  formation. 

3180  (p).  Bluff  on  Frio  River  half  a  mile  below  Myrick'a 
(EvanB*8)  apiar>%  U\'al<ie  County. 

6279  (r).  11  miles  south  of  Sabinal,  a  few  hundred  yards 
south  of  the  junction  of  Elm  Creek  with  Sabinal  Creek, 
Uvalde  County. 

4398  (r).  18  miles  southeast  of  Eagle  Pass,  Maverick 
County. 

Venericardia  alticostata  subsp.  hesperia  Gardner,  n.  snbspu 

Plate  XXXII,  figures  1,2. 

Vniericardia  alticostata  Harris  (part),  Bull.  Am.  Paleon- 

tolog>%  vol.  1,  No.  4,  p.  171,  1896. 
Not   Cardita  alticostata  Conrad,  Am.  Jour.  Sci.,  Ist  ser., 

vol.  23,  p.  342,  1833. 

Shell  of  moderate  dimensions,  thick,  porcel- 
lanous,  inflated-cordate  in  cross  section;  um- 
bones  prominent,  well  rounded,  slightly  ante- 
rior in  position;  lunule  very  small,  deep;  ante- 
rior extremity  strongly  and  evenly  bowed  in 
front  of  the  lunule;  posterior  dorsal  mai^gin 
gently  sloping,  the  posterior  lateral  margin  ob- 
liquely truncate;  base  line  feebly  arcuate, 
strongly  upcurved  anteriorly,  abruptly  rounded 
posteriorly;  general  character  of  surface  sculp- 
ture similar  to  that  of  V.  alticostaia  s.  a.;,  ra- 
dials not  far  from  20  in  number,  normally  tri- 
partite on  the  anterior  and  medial  portions  of 
the  shell  as  in  F.  alticostata;  crest  of  radials 
narrow  and  sharply  serrate;  lateral  "terraces'* 
well  defined;  inter-radial  channels  broadly  U- 
shaped;  incremental  sculpture  very  fine  and 
sharp;  heavy  growth  stages  rarely  developed; 
hinge  and  ligament  characters  poorly  preserved; 
hinge  plate  thick,  heavy;  adductor  scars  im- 
pressed, the  anterior  excavated;  pallial  line 
simple;  inner  margins  deeply  crenate. 

Dimensions:  Altitude,  38  millimeters;  lati- 
tude, 37  millimeters;  diameter,  44  millimeters. 

T}T)e  locality:  Station  3180,  Bluff  on  Frio 
River  half  a  mile  below  Myrick's  apiary, 
Uvalde  County. 

The  subspecies  hesperia  is  shorter  and  wider 
than  T".  alticostata  and  more  inflated  in  the  um- 
bonal  region.  In  sculptural  characters,  how- 
ever, the  two  forms  are  similar. 

Voiericardla  bulla  Dall  is  smaller  and  rela- 
tively hi<::her  and  has  a  higher  and  relatively 
heavier  hinf^je  plate  and  less  numerous  radials. 
In  both  V.  srnithii  Aldrieh  and  F.  alticostata 
subsp.  wliitci  the  radials  are  simple. 

Stations  in  Midway  fonnat ion. 

]  128  (p).  IJ  miles  northwest  of  New  Fountain,  Medina 
Count  V. 

3180  (p).  Bluff  on  Frio  Kiver  half  a  mile  below  Myrick'i 
(Evans's)  apiary,  Uvalde  County. 
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3181  (p).  Frio  River  just  above  waterhole  opposite        Type  locality:  Station  8833,  about  7  miles 

apiary,  below  Englemann's  ranch,  Uvalde  County.  up    the    Rio  Grande  from    Laredo,   at    Ejiob 

?6279  (r)  (No.  274c)   11  miles  south  of  Sabinal^few  hun-  gj^    ^  quarter  of  a  mile  above  pump  of  Santa 

dred  yards  south  of  the  junction  of    Elm  Creek  with  t*,?  TTrT_i.i^        xm 

Sabinal  Creek,  Uvalde  County.  Barbara  farm,  Webb  County,  Tex. 

?4398  (r).  18  miles  southeast  of  Eagle  Pass,  Maverick        CoUocardia  dstartoides  is  a  remarkable  species. 

County.  uniting  the  dentition  and  sinal  characters  of  the 

6583  (p)Biboro  Creek,  just  below  Biborotan^^  Veneridae  with  the  external  outlme  and  sur- 

miles  southeast  of  Eagle  Pass,  Mavenck  County.  x-^i.i-Ai._xjj  mi- 

6575  (p).  White  Bluff  on  Rio  Grande,  land  of  Indio  Cat-  lace  sculpture  of  certam  of  the  Astartldae.    The 

tie  Co.,  about  4i  miles  west  of  south  of  Jacal  ranch  house,  occurrence  of  so  primitive  a  type  of  a  highly 

in  the  southeastern  part  of  Maverick  County.  speciaUzed  group  in  the  early  Tertiary  beds  is 

Family  VENEBIDAE.  of  unusual  interest. 

Genus  CALLOCABDIA.  CoUocardia  dstartoides  is  the  dominant  species 

CaUocardia  astartoides  Gardner,  n.  sp.  ^t  the  type  locality  and  common  at  a  number 

Plate  XXXII,  figures  4-7.  ^f  other  localities  in  the  Cook  Mountain  forma- 

Shell  small  for  the  genus,  thick  shelled,  trig-  ^j^^ 
onal,  ovate  in  outline,  astartiform,  moderately  „.  .•      •    /^   t  i^     .  •   ^ 

'  ,  1  ',  .'  ^tx'  Stations  %n  Cook  Mountatn  formation, 

compressed;  imibones  not  conspicuous,  the  tips 

proximate  and  prosogyrate,  slightly  anterior;      ^ff  V?^*  1^  ^w"l\T^T^  ""^  ^'^^'^  '^''^'  ^  °^^ 

f       ,         ,,  .*;  J    .        1.  ?^i     J  J     south  of  Laredo,  Webb  County. 

lunule  rather  wide,  cordate,  slightly  depressed,      3333  (^^  ^^out  7  miles  up  the  Rio  Grande  from  Laredo, 

and  delineated  by  an  incised  line;  escutcheon  in  Knob  Bluffs,  a  quarter  of  a  mile  above  pump  of  Santa 

not  defined;  anterior  extremity  bowed  slightly  Barbara  farm,  Webb  County. 

in  front  of  the  lunule;  posterior  end  of  sheU  8768(c)   li  miles  north  of  and  a  trifle  east  of  the  third 

,1.        ,.             .           ij.i_i                ^     0          .1  gate,  7  miles  southeast  of  Velenzuela  ranch  house,  Webb 

obliquely  truncate  and  feebly  arcuate  from  the   c)ounty. 

lunbones  to  the  basal  margin;  base  line  arcu-       8770  (c).  39.9  miles  north  of  Rio  Grande  City,  Starr 

ate,  more  abruptly  roimded  posteriorly  than    County,  on  river  road  to  Zapata,  just  north  of  Lopeflo  post 

anteriorly;  external  surface  finely  and  evenly  ^®^'  ^^^  ^'''^^' 

threaded  concentrically;     resting  stages  con-  FamUy  TSLLXNIDAS. 

spicuous,    usually    one   strongly   defined  near  Qenus  TELLINA  (Linnaeus)  Lamarck. 

the  mnbones  and  several  not  quite  so  prominent  Tellina  sp.  A. 

toward  the  base;  a  fine  and  regular  radial  linea-  ^^^  XXXII,  figures  8, 9. 

tion  visible  upon  weathered  surfaces;  external  shell  large,  not  very  thm,  much  compressed, 

ligament  mounted  upon  a  rather  heavy  nymph  transversely  ovate-trigonal  m  outlme,  nearly 

produced  more  than  one-third  of  the  length  of  equilateral;  umbones  flat,  inconspicuous  except 

the  posterior  dorsal  margm;  dentition  robust;  b^  reason  of  their  position  at  the  apex  of  an 

the  lammar  anterior  cardinal  of  the  right  valve  ^^gle  of  not  far  from  120^  anterior  and  pos- 

broken  away;  medial  cardmal  rather  slender,  ^^or  dorsal  margms  nearly  similar,  the  pos- 

cuneate;  posterior  cardmd  produced;  left  tm-  ^^or  declining,  perhaps,  a  little  more  steeply; 

tenor  and  medial  cardinals  united  under  the  1  .      ^      ^        •/•  f     i,       1  j  j  iT 

,  .  -  X  •  \/  xi  X  •  lateral  extremities  quite  sharply  roimded;  base 
umbones  to  form  an  asymmetric  V,  the  anterior  ,.  x-n  x-  • 
cardinal  slender,  the  medial  cardiiial  relatively  ^^"!  symmetrically  arcuate;  an  inconspicuous 
heavy  and  deltoid;  posterior  left  cardinal  ^  }  developed  near  the  postenor 
broken  away,  doubtless  very  thin  and  laminar;  dorsal  margm,  defined  rather  by  the  abrupt 
a  very  short  obtuse  lateral  tooth  developed  in  ^^^^^^  ^^  ^^^  direction  of  the  incremental  than 
the  left  valve,  received  in  a  corresponding  ^y  ^^^  elevation;  surface  sculpture  mcremental 
socket  in  the  right;  adductor  scars  distinct,  the  ^  character,  least  feeble  posteriorly  and  toward 
anterior  the  more  prominent;  pallial  sinus  pro-  ^^^e  basal  margin,  becoming  abruptly  stronger 
duced  almost  to  the  median  vertical,  obtusely  behind  the  rostral  fold  and  indicating  by  the 
trigonal;  inner  margins  entire.  imdulation  a  second  very  obscure  fold;  char- 
Dimensions:  Right  valve,  altitude  16.0  mil-  acters  of  ligament  and  hinge  not  known;  ad- 
limeters,  latitude  16.5  millimeters,  semidiameter  ductor  scars  commonly  quite  prominent;  pallial 
7.4  millimeters;  left  valve,  altitude  17.0  milli-  sinus  obscure  but  apparently  very  deep,  pro- 
meters,  latitude  17.3  millimeters,  semidiameter  duced  almost  to  the  anterior  adductor,  not 
8.6  millimeters.  confluent   below. 
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The  species  is  decidedly  larger  than  any  other 
found  in  the  Eocene  of  Texas.  A  latitude  of 
40  millimeters  is  not  uncommon  and  one 
cast,  presiunably  identical,  reaches  an  altitude 
of  40  with  a  probable  latitude  of  60  millimeters 
or  more.  Unfortunately,  only  casts,  some  of 
them  with  a  few  fragments  of  shell  adhering, 
are   preserved. 

Stations  in  Cooh  Mountain  formation, 

8771  (p).  4  miles  southeast  of  Laredo,  Webb  County. 
6404  (p).  1  mile  west  of  Canada  Verde  ranch,  Webb 
County. 
6436  (c).  La  Perla  ranch  below  Laredo,  Webb  County. 
?8837  (r).  3i  miles  above  San  Ygnacio,  Zapata  County. 
?8770  (p).  Lopefio  post  office,  Zapata  County. 

FamUy  PHOLADIDAE. 

Genns  MABTESIA  Leach. 

Martesia?  laredo^nsis  Gardner,  n.  sp. 

Plate  XXXII,  figure  10. 

Shell  very  thm,  transversely  elongated,  taper- 
ing posteriorly,  strongly  inflated ;  anterior  third 
of  shell  cut  off  by  a  deep  but  narrow  groove, 
dropped  from  the  umbones  and  extending 
obUquely  backward;  umbones  low,  conforming 
to  the  tubular  outline  of  the  shell,  prosogyrate; 
anterior  extremity  rounding  smoothly  into  the 
upcurved  base;  posterior  dorsal  and  ventral 
margins  slowly  convei^ng,  the  narrow  lateral 
extremity  vertically  truncate;  shell  usually 
decorticated  but  so  thin  that  the  sculpture  is 
reflected  on  the  cast;  a  concentric  sculpture, 
uicremental  in  character  and  more  or  less  irreg- 
ular, developed  over  the  entire  shell  but  stronger 
upon  the  anterior  third;  radials  approximately 
equal  in  strength  to  the  concentric  rugae  and, 
like  them,  somewhat  irregular,  developed  only 
m  front  of  the  groove;  characters  of  the  hinge 
and  of  the  interior  not  known. 

Dimensions:  Altitude,  9.0  millimeters;  lat- 
itude, 20.0  ±  millimeters. 

Type  locality:  Station  6434,  a  quarter  of  a 
mile  south  of  Espejo  ranch,  south  of  Laredo, 
in  Webb  County,  Tex. 

Martesia  texana  Harris  is  similar  to  this 
species  in  outline  and  general  dimensions,  but 
the  umbones  of  the  Cherokee  County  species 
are  not  so  near  to  the  anterior  extremity,  the 
groove  cuts  off  decidedly  more  than  the  ante- 
rior third,  and  there  is  an  apparent  absence 
of  any  radial  sculpture.  No  trace  of  either 
M.  texana  or  M.  laredo'ensis  has  been  found 
except  at  the  type  localities. 


Station  in  Cook  Mountain  formation. 

6434.  A  quarter  of  a  mile  south  of  Espejo  ranch,  south 
of  Laredo,  Webb  County. 

Family  TEBEDINIDAE. 

Gknus  TEREDO  Linnaeus. 

Teredo  maverickensis  Gardner*  n.  sp. 

Tubes  of  moderate  dimensions,  somewhat 
irregular  in  growth  habit  though  tendmg  to  fol- 
low the  grain  of  the  wood;  closely  and  quite 
sharply  rugose ;  characters  of  valves  not  known. 

Dimensions:  Diameter,  6.0  millimeters;  thick- 
ness of  shell,  0.6  milHmeters. 

Type  locality:  Station  1/277,  Rio  Grande, 
lower  end  of  Maverick  County,  about  40  feet 
below  Midway- Wilcox  contact. 

This  teredo,  which  packs  a  large  fragment  of 
fossilized  wood,  is  the  first  that  has  been  report- 
ed from  the  Midway  of  the  Gulf.  It  differs  from 
the  later  Eocene  teredos  in  the  less  regular 
growth  habits  and  particularly  in  the  very 
decided,  close,  sharp  wrinkling  of  the  surface. 
The  value  of  these  differences  is  increased  by 
the  difference  in  the  habitat.  It  is  interesting 
to  find  a  record  of  the  unfortunate  appetite 
of  this  animal  in  the  Midway  of  Texas. 

Station  in  Midway  formation, 

1/277.  Rio  Grande,  lower  end  of  Maverick  Conntyy 
about  40  feet  below  Midway- Wilcox  contact. 

GASTROPODA. 

Family  CEBITHIIDAE. 

Genus  CESTTHnTM  Bruguiftre. 

Cerithium?  sp.  A. 

Plate  XXIX,  figures  1,2. 

Internal  casts  of  Cerithium-Mke  forms  occiu* 
in  considerable  numbers  in  southwestern  Texas 
and  serve  as  excellent  horizon  markers  of  the 
Midway.  These  casts  indicate  a  rudely  biconic 
shell  A^ith  the  maximmn  diameter  in  front  of  the 
median  horizontal.  The  whorls  of  the  conch 
were  probably  about  6  or  7  in  number,  rudely 
trapezoidal  in  outline  and  increasing  quite 
rapidly  in  diameter.  The  body  was  smoothly 
rounded  in  the  adults,  though  probably  rather 
acutely  angulated  in  the  young.  Some  indi- 
viduals show  a  suggestion  of  an  irregular 
Cerithium-like  ribbing.  The  aperture  was  ap- 
parently between  one-third  and  one-half  as 
long  as  the  entire  shell  and  was  obhquely 
lenticular  in  outline.  A  specific  name  is 
reserved  in  the  hope  that  the  shell  may  come 
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to  light  later.  In  the  meantime  these  easily 
recognizable  casts  may  be  of  service  in  indicat- 
ing the  Midway  age  of  the  formation  in  which 
they  are  carried. 

Dimensions  of  imperfect  figured  specimen: 
Altitude,  42.0  millimeters;  maximum  diameter, 
21.0  millimeters. 

Stations  in  Midway  formation. 

3180  (p).  Bluff  on  Frio  River,  half  a  mile  below  My- 
rick's  (Evans's)  apiary,  Uvalde  County. 

6576  (c).  Land  of  Indio  Cattle  Co.,  If  miles  below 
White  Bluff,  about  4J  miles  southwest  of  Jacal  ranch 
house,  Maverick  County. 

8799  (p).  Texas  side  of  the  Rio  Grande  1  mile  below 
the  Bless^  ranch  house,  Maverick  County. 

CEPHALOPODA. 

FamUy  CLTDONAITTILIDAE  Hyatt. 

Genus  ENCUMATOCERAS  Hyatt. 

Enclimatoceras  vaughani  Gardner,  n.  sp. 

Plate  XXXIII. 

Shell  lai^e,  rather  compressed  toward  the 
apex,  more  broadly  roimded  ventrally  toward 
the  aperture,  obliquely  flattened  laterally; 
whorls  numerous,  mcreasmg  but  slowly  in 
latitude;  the  altitude  of  the  earUer  whorls  a 
little  more  than  three  times  their  average  width 
from  suture  to  suture,  of  the  later  whorls  a  little 
less;  final  whorl  of  a  half  grown  specimen 
rudely  reniform  in  outline,  somewhat  auricu- 
late  laterally,  concave,  the  diameter  of  the 
whorl  approximately  double  the  altitude; 
umbilici  quite  strongly  depressed,  their  periph- 
eries obscurely  carinate;  ventral  saddle  very 
broad  and  nearly  horizontal;  lateral  lobes 
broad  and  very  shallow;  lateral  saddles  rela- 
tively narrow  and  moderately  deep;  siphuncle 
dorsad,  migrating  slowly  toward  the  center 
with  increasing  age;  surface  not  known. 

Dimensions:  Maximum  diameter  of  shell, 
168.0 ±    millimeters;     diameter    of    shell    at 


right  angles  to  maximum  diameter,  140.0  ± 
millimeters;  thickness  100.0  miUimeters.  Ado- 
lescent individual :  Maximum  diameter  of  shell, 
93.0 ±  millimeters;  diameter  of  shell  at  right 
angles  to  maximum  diameter,  64. 0±  milli- 
meters; maximum  thickness,  73.0  ±  milli- 
meters. A  larger  but  imperfect  individual 
attains  a  maximum  diameter  of  220.0  milli- 
meters. 

Type  locality:  Station  3178,  three-fourths 
mile  northwest  of  Myrick's  (Evanses)  apiary, 
Frio  River,  Uvalde  County. 

Endimatoceras  vanghani  is  the  Texas  ana- 
logue of  Enclimatoceras  ulrichi  (White),  of  the 
Midway  of  Alabama,  a  form  very  similar  in 
general  dimensions  and  outline.  The  adult 
E.  vaughani  are,  as  a  rule,  more  compressed 
than  the  adult  E.  vlrichij  but  the  yoimg  of  the 
two  species  show  similar  ranges  of  variation. 

The  umbilici  also  seem  to  be  a  little  more 
depressed  in  the  Texas  species.  The  most 
obvious  and  constant  difference,  however,  is 
in  the  outline  of  the  lobes  and  saddles.  The 
sutures  in  E,  vlrichi  are  much  more  flexuous 
than  those  of  E,  vaughani.  In  E.  vaughani  the 
ventral  saddle  is  nearly  horizontal  and  the 
lateral  lobes  exceedingly  shallow.  In  J?.  t/Z- 
richi  the  ventral  saddle  is  perceptibly  arcuate 
and  the  lateral  lobes  are  strongly  incurved. 
The  lateral  saddles  are  well  developed  in  both 
species,  though  they  are  deeper  in  the  Texas 
form. 

I  have  the  honor  of  dedicating  this  species 
to  Dr.  T.  Wayland  Vaughan. 

Stations  in  Midway  formation. 

3178  (p).    Three-fourths  mile  northwest  of  Myrick's 
(Evanses)  apiar>',  north  of  Frio  River,  Uvalde  County. 

3179  (p).     Half  a  mile  northwest  of  Myrick's  (Evans's) 
lower  apiar>%  south  side  of  Frio  River,  Uvalde  County. 

Frio  River  half  a  mile  above  Bob  Evans's  (formerly 
Myrick's)  apiar>',  Uvalde  County. 
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EOCENE  M0LLU3C\  FROM  SOUTHWESTERN  TEXAS. 

I.  2.  VineriMrila-aUleailala  subsp.  Anpiria  Qntdntr,  D.Sulnti.    1,  Front  view,  X.  I:  2,  cxlvtlac  oF  right  Talve,  X  1- 
3.  Vnurlcantla  alUauUta  subsp.  Ktilil  Gardner,  D.  Bubsp.    Enlerior  of  right  valve,  X  1- 

4-7.  OiUaeardla  ajUnoldri  Gurdner,  n,  sp.    4,  Exterior  o[  riglit  vahe,  X  2;  \  Interior  ol  right  valve,  x  2;  8>  extcrlorof  le 

7.  Inlerivofleltvalve,  X  2. 
g,flk  TVUiMjp.A.    8,  Inlmialcaat  ol  Jett  valve,  X  I:  a.  Intetnulqast  ollert  valve,  X  1- 
10.  Uartala  taridoiruli  Oordnor,  n.  up,    Eiurnal  east  ot  right  valve,  X  2. 

II.  TV»tfa  mamritkentlt  Qardner,  n.  sp.    Longitudinal  views  and  natural  cross  seetlou  of  tubea  In  IcasU  wood,  X  1- 
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EOCENE  MI)LUtSC\  FROM  SOUTHWraTERN  TEXAS. 


PRELIMINARY  REPORT  ON  FOSSIL  VERTEBRATES  OF  THE  SAN  PEDRO 
VALLEY,  ARIZONA,  WITH  DESCRIPTIONS  OF  NEW  SPECIES 

OF  RODENTIA  AND  LAGOMORPHA. 


By  James  W.  Gidley. 


INTRODUCTION. 

On  the  initiative  of  the  United  States  Geo- 
logical Survey  and  with  the  cooperation  of  the 
United  States  National  Museum,  I  was  privi- 
leged during  February,  March,  and  part  of 
April,  1921,  to  collect  fossil  vertebrates  in  the 
San  Pedro  Valley,  Ariz.,  where  remains  had  pre- 
viously been  located  by  Kirk  Bryan,  of  the 
Geological  Survey.  The  results  of  this  expe- 
dition are  here  published  in  part. 

The  special  problem  involved  was  the  deter- 
mination of  the  age  of  the  sedimentary  deposits, 
which  up  to  that  time  had  been  termed  Pleis- 
tocene. Two  localities,  apparently  at  slightly 
different  horizons,  yielded  material  represent- 
ing a  fauna  sufficiently  varied  and  distinctive 
to  establish  their  age  as  Pliocene. 

The  locality  first  visited  is  a  small  area  of 
badlands  about  3  miles  east  of  the  Curtis  ranch, 
which  is  on  the  State  road  about  14  miles 
northwest  of  Tombstone  and  an  equal  distance 
southeast  of  Benson  by  road.  The  second 
locality  is  west  of  the  State  road  about  2  miles 
south  of  Benson.  These  two  localities  are 
about  12  miles  apart  and  on  opposite  sides  of 
the  San  Pedro  Valley.  The  first  localit>^ 
yielded  by  far  the  greater  bulk  of  material, 
but  the  species  represented  in  the  collection 
from  the  second  are  more  numerous.  Strati- 
graphically  there  seems  to  be  no  difference  in 
the  level  of  the  bods  of  the  two  locaUties,  and 
structurally  thc}^  are  very  similar,  yet,  so  far 
as  I  am  able  to  determine,  they  contain  no 
species  in  common.     Because  of  this  fact,  as 


woU  as  the  general  character  and  assemblage 
of  the  forma  represented,  I  am  led  to  consider 
them  as  of  slightly  different  age,  the  beds  at 
the  Benson  locality  being  apparently  the  older. 

Most  of  the  mammal  material  is  fragmentary, 
but  several  good  specimens  were  procured, 
including  enough  material  for  the  restoration 
of  the  dermal  armor  and  skeleton  of  a  Glypto- 
therium  and  a  possible  skeletal  restoration  of 
a  mastodon,  both  from  the  Curtis  locality. 
The  material  from  the  Benson  locality  here 
described  was  all  collected  at  one  spot,  a  fossil 
bone  quarry  opened  up  and  worked  by  Kirk 
Bryan  and  me.  Immediately  associated  mate- 
rial from  this  quarry  includes  fragmentary  speci- 
mens of  Ilipparion,  Pliauchenaf,  Platygonus, 
and  Pliohippus  or  Hippidiumf,  together  with  a 
new  species  of  box  turtle  and  eight  new  species 
of  birds,  not  al^  of  which  are  satisfactorily 
definable  from  the  scanty  material  obtained. 

The  greater  part  of  the  specimens  included 
in  these  collections  have  not  yet  been  prepared, 
but  those  belonging  to  the  orders  Rodentia 
and  Lagomorpha  have  been  cleaned  and 
studied,  and  the  new  species  are  here  described. 
Those  from  the  Curtis  locaUty  were  all  found 
during  the  excavation  of  one  of  the  mastodon 
skeletons.  Immediately  associated  with  them 
were  remains  of  a  llama,  a  canid,  a  mustilid, 
a  small  land  turtle,  an  edentate,  and  two 
species  of  small  birds. 

A  tentative  list  of  the  orders,  families, 
genera,  and  species,  so  far  as  they  have  been 
determined,  represented  in  each  locality  is 
given  on  page  120. 
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Preliminary  list  of  foMil  vertebrates  from  the  San  Pedro  Valley,  Ariz. 


MAMMAUA. 

Probosddla: 

Elephantidae: 

Cf.  Dibelodony  probably  n.  ep 

Ct.Gompotheriumy  probably  n.  sp. 
Perissodactyla: 
Equiidae: 

Eouus,  undet 

Ptiohijppus.  undet 

mppar%(m,  undet 

Artiodactyla: 
Camelidae: 

Lamtty  n.  sp 

Cf .  Procameliis,  undet 

Cf.  Pliaucheniay  undet 

Tayaasuidae: 

Platygonus  cf.  P.  vetus^  or  n.  sp.. 
Cervidae: 

OdocoileuSy  n.  sp 

Merycodiis  near  M.  meatus 

Cf.  iierycodiiSf  n.  sp 

Camivora: 

Canids,  3  n.  sp 

Felid?j  n.  sp 

Mustihd,  sp 

Rodentia: 
Sciuridae: 

Citellus  cochiseij  n.  sp 

CxteUus  bensonXy  n.  sp 

Geomyidae: 

Geomys  parvidens,  n.  sp 

Geomys  minor^  n.  sp 

Cratogeomys  bensoni,  n.  sp 

Heteromyidae: 

Dipodomys  minor ^  n.  sp 

Muridae: 

Subfamily  Cricetinae: 

Peromyscus     brachygnathuSy 

n.  sp 

Peromysciis  minimus,  n.  sp.. 

Peromysais  sp 

Eligmodontia  anzonaey  n.  sp. 
Onych&inys  pedroensis,  n.  sp. 
Onychomys  oensoniy  n.  sp. . . 

Sigmodon  ciirtisi,  n.  sp 

Sigmodon  minor ^  n.  sp 

Sigmodon mediu 8,  n.  sp 

Subfamily  Neotomeniae: 

NeolomafossiliSy  n.  sp 

Subfamily  Microteinae: 

Neofiber  sp 


Number  of  species. 


Benson. 


Curtis. 


1 
1 
1 


1 
1 
1 

2 
1 
1 


1 

1 
1 


MAMMALIA — Continued. 

Lagomorpha: 
Leporidae: 

LepiiSy  3  sp.,  possibly  new.. 
Sylvilagus  or  brachy logics  sp. 
Edentata: 

Glyptodontidae: 

GlyptotJieriuTny  n.  sp 


Total  Mammalia. 


REPTILIA. 

Testudines: 

Testudinidae: 

TestudOy  2  sp.  undet 

Kinosternodae: 

Kinostemony  new  sp , 

Batrachia: 
Salientia: 
Ranidae: 

Rana  or  BufOy  not  yet  deter- 
mined  


Total  Reptilia. 


AVES. 

Galliformes: 

Odontophoridae : 

Undetermined 

Colinus  sp.  undet 

Family  undet 

Anseriformes: 
Anatidae: 

Dendrocygruiy  n.  sp 

Branta,  n.  sp 

Charadriiformes : 
Scolopacidae: 

Micropalamuy  n.  sp 

Family  undet.,  medium-sized  form. . 
Columbiformes: 

Family  undet.     A  pigeon  somewhat 

smaller  than  the  domestic  dove 

Passeriformes: 
Fringillidae: 

Small  sp.,  undet 

Other    passerines    represented     by 
soantv  material 


Nomber  of  spedes. 


Benson. 


Total  Aves. 


2 
1 


23 


1 
1 


1 
I 


I 
1 


Curtis. 


1 
1  ; 


1 
1 


22 


1 
I 


The  reptilian  remains,  including  at  least 
two  species  of  turtles,  probably  new,  are 
being  described  by  C.  W.  Gilmore,  and  the 
bird  bones  are  being  studied  and  will  be  des- 
cribed by  Alexander  Wetmore,  of  the  Biolog- 
ical Survey,  Department  of  Agriculture.  Tlie 
tentative  lists  of  Reptilia  and  Aves  given 
above  are  furnished  by  these  gentlemen. 


GEOLOGIC  HORIZON  AND  CLIMATIC  CONDITIONS 

INDICATED. 

This  preliminary  study  reveals  little  positive 
evidence  regarding  the  exact  geologic  horizon 
of  the  beds  in  San  Pedro  Valley,  beyond  what 
is  stated  above.  They  seem  to  be  clearly 
Pliocene,  and  the  peculiar  mingling  of  modem 
and  more  ancient  forms  seems  to  point  rather 
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definitely  to  a  late  stage  of  Pliocene  time. 
tJnfortunately,  the  material  of  these  collec- 
tions represents  for  the  most  part  new  species 
that  can  not  be  correlated  with  known  faunas 
of  other  locaUties  where  the  age  of  the  beds 
has  been  established.  However,  the  species 
are  sufficiently  numerous  and  varied  to  con- 
stitute a  standard  for  comparison,  and  future 
field  work  in  this  region  will  almost  certainh^ 
bring  to  light  material  that  will  definitely  and 
correctly  determine  the  proper  sequence  of 
these  deposits.  , 

The  facts  that  there  are  here  two  or  three 
species  of  true  horse  {Equus)  and  that  the 
rodents  are  all  referable  to  modern  genera, 
some  of  which  are  found  living  in  this  general 
region,  may  suggest  Pleistocene  age.  But 
to  offset  this  evidence  of  a  seemingly  more 
modem  fauna,  the  mastodons  and  glypto- 
donts  are  of  distinctly  Pliocene  types,  and  one 
of  the  canids,  though  modem  in  skull  and 
dental  modifications,  has  the  type  of  humerus 
belonging  to  the  Miocene  and  PUocene  canids, 
in  that  the  entepicondylar  foramen  is  prom- 
inently present.  This  feature  and  the  pres- 
ence of  nipparioUf  PUohippus,  and  MerycoduSj 
together  with  the  fact  that  the  15  or  more 
species  of  rodents  include  no  living  species, 
constitute  rather  conclusive  evidence  of  a 
faimal  assemblage  that  is  older  than  Pleis- 
tocene. 

This  general  assemblage  of  species,  including 
proboscidians,  camels,  horses,  glyptodonts, 
and  an  extinct  species  of  the  ocellated  turkey 
related  to  a  group  now  hving  only  in  Central 
America  and  southern  Mexico,  suggests  that 
the  climate  at  the  time  the  beds  were  laid 
down  was  rather  warm  and  moist,  probably 
subtropical  or  even  tropical. 

The  presence  of  a  true  llama,  the  glypto- 
dont,  and  a  rodent  belonging  to  a  genus  now 
living  only  in  South  America  seems  to  indicate 
an  intermingling  of  forms  of  South  American 
origin,  and  the  presence  in  these  PUocene 
deposits  of  a  rodent  and  camel  of  definite 
South  American  living  types  suggests  the 
derivation  of  their  South  ^Vmerican  relatives 
from  North  iVmerica  and  favors  tlie  suggestion 
of  an  exchange  of  faunas  between  the  two 
continents  which  took  place  somewhere  near 
this  epoch  of  geologic  time. 


Descriptions  of  species. 

Order  BODSNTIA. 

The  order  Rodentia  is  represented  in  the  San 
Pedro  Valley  by  17  species,  11  of  which  occur 
at  the  Benson  locality  and  6  at  the  Curtis  local- 
ity. Of  these  species,  15  are  here  described  as 
new,  and  2  are  not  certainly  determined  on  the 
scanty  material  in  hand.  However,  though 
all  the  species  represented  seem  to  be  new,  each 
is  readily  referable  to  one  of  ten  living  genera, 
distributed  among  four  families — the  Sciuridae, 
Geomyidae,  Heteromyidae,  and  Muridae.  The 
species  belonging  to  the  Muridae  represent  three 
subfamilies — the  Cricetinae,  Neotomeniae,  and 
Microteinae. 

Family  SCIUiUDAE. 

The  family  Sciuridae  is  represented  by  two 
new  species,  both  belonging  to  the  genus 
Citellua, 

CiteUus  coddsei  Gidley,  n.  sp. 

Plate  XXXIV,  figures  1,  2. 

Type, — Portion  of  a  right  maxillary  contain- 
ing all  the  cheek  teeth  (catalog  No.  10490,  U.  S. 
Nat.  Mus.) . 

Paratype. — Portion  of  a  left  lower  jaw  (cata- 
log No.  10491). 

Locality. — Both  are  from  the  Curtis  locality, 
in  sec.  25,  T.  18  S.,  R.  21  E.,  and  were  found  in 
exhimiing  a  mastodon  skeleton. 

Description, — ^Length  of  upper  cheek-tooth 
series  10.5  millimeters.  Molars  relatively  wide, 
m^  and  m^  one- third  wider  than  long;  lophs 
and  valleys  simple  and  narrow;  both  posterior 
transverse  lophs  of  the  molars  completely 
united  with  protocone,  forming  a  short,  narrow 
valley  opening  outward  and  extending  inward 
not  more  than  one-half  the  width  of  the  tooth 
crown,  as  in  Cynomys.  The  anterior  trans- 
verse lophs  are  more  depressed  and  except  in 
m^  are  much  longer  than  the  other  lophs,  ex- 
tending inward  and  upward  to  disppear  in  the 
anterior  wall  of  the  protocone.  P^  differs 
from  the  anterior  two  molars  only  in  being  less 
wide  and  in  having  the  anterior  loph  relatively 
and  actually  more  extended  anteriorly. 

In  the  greater  width  of  tooth  crowns,  the  less 
extent  of  their  median  external  reentrant  val- 
leys, and  the  relative  shortness  of  the  heel  of 
the  last  molar,  this  species  suggests  CynomySj 


122 


SHORTER  CONTRIBUTIONS  TO  GENERAL  GEOLOGY,  1922. 


but  it  diflFers  from  species  of  that  genus  in  the 
much  more  brachyodont  tooth  crowns,  the 
greater  relative  depth  of  the  median  external 
reentrant  valleys,  and  the  incipiency,  amount- 
ing to  almost  total  absence,  of  the  posterior  re- 
entrant valleys  so  prominent  in  species  of 
Cynomys,  The  first  of  these  features  might  be 
considered  as  a  character  of  degree  only,  indi- 
cating less  advanced  specialization,  but  the 
other  two  I  consider  characters  tliat  denote 
relationship  with  the  living  species  of  Citellus 
rather  than  with  those  of  the  genus  Cynwru/s. 
The  lower  jaw,  as  indicated  by  specimen  No. 
10491,  which  carries  the  incisor  and  the  an- 
terior two  cheek  teeth,  is  relatively  short  and 
deep,  the  incisor  narrow  and  pointed,  and  the 
cheek  teeth  relatively  wide  to  a  degree  cor- 
responding with  those  of  the  upper  series. 
This  species  compares  in  size  with  C.  evermani, 
but  it  differs  from  all  the  living  forms  in  one  or 
more  of  the  characters  enimierated  above. 

CiteUus  bensoni  Gidley,  n.  sp. 

Plate  XXXIV,  figures  3,  4. 

Type.— A.  first  or  second  upper  molar  of  the 
right  side  and  a  last  upper  molar  of  the  left 
side  (catalog  No.  10531,  U.  S.  Nat.  Mus.). 

Paratype. — ^The  cheek-tooth  series  of  a  left 
lower  jaw  (catalog  No.  10532,  U.  S.  Nat.  Mus.). 

Locality, — Both  from  the  Benson  locality. 

Description. — Length  of  cheek-tooth  series 
(estimated  from  measurements  of  the  para- 
type), 10.3  millimeters;  upper  molar  of  about 
the  same  proportion  as  the  corresponding  one 
of  C.  cochisei  at  the  base  but  much  narrower 
at  the  summit,  owing  to  the  greater  slope  of  the 
inner  wall  of  the  protocone;  the  three  trans- 
verse lophs  about  equal  in  length,  the  posterior 
one  being  broken  up  into  two  distinct  but 
slightly  joined  cuspules,  the  inner  one  of  which 
is  a  rounded  cone  entirely  disconnected  from 
the  protocone. 

An  upper  m'  which  I  associate  with  the  type 
specimen,  like  that  of  C.  cochisei^  has  a  rela- 
tively small  heel  portion  as  compared  with 
living  species,  and  in  addition  there  is  a  well- 
defined  isolated  cone-shaped  cuspule  near  the 
center  of  the  posterior  basin. 

This  species  seems  to  approach  C.  heecJieyi 
much  more  closely  than  any  other  living  spe- 
cies but  differs  from  it  in  a  few  apparently 
important    particulars.     In    C.    heecheyi    the 


crowns  of  the  upper  molars  are  relatively  nar- 
rower than  in  the  fossil  species,  being  nearly 
as  long  as  wide;  the  lingual  wall  of  the  proto- 
cone is  less  sloping,  and  the  exterior  or  buccal 
face  of  this  cusp  is  much  more  sloping.  Other 
differences  noted  in  the  living  species  are  the 
generally  less  broken  up  condition  of  the  pos- 
terior transverse  lophs;  the  somewhat  shal- 
lower transverse  valleys,  the  posterior  one  of 
which  usually  has  a  small  cuspule  at  its  external 
entrance;  and  the  relatively  broader  and  less 
completely  inclosed  posterior  valley  of  the  last 
upper  molar. 

Beyond  the  fact  that  the  last  lower  molar, 
like  the  upper,  is  relatively  smaller,  and  the 
valleys  and  cusps  are  somewhat  more  sharply 
defined  than  in  C.  heecheyi,  there  is  little  to 
distinguish  between  the  lower  cheek  teeth  of 
that  species  and  C.  hensoni. 

FamUy  GEOMTIDAE. 

Three  new  species  referable  to  two  living 
genera  of  geomids  are  represented  in  the  col- 
lection. 

Geomys  panidens  Gidley,  n.  sp. 

Plate  XXXIV,  figures  5,  6. 

Type. — The  anterior  portion  of  a  skull  car- 
rying the  incisors  and  all  the  cheek  teeth  except 
the  first  and  last  of  the  right  side  (catalog  No. 

10492,  U.  S.  Nat.  Mus.). 

Paratype. — Portion  of  the  right  lower  jaw 
carrying  all  the  teeth  except  m'  (catalog  No- 

10493,  U.  S.  Nat.  Mus.). 

Locality. — Both  from  the  Curtis  locality. 

Description. — Length  of  upper  cheek-tooth, 
series  5.5  millimeters;  width  across  first  upper 
molars  (measured  to  outer  borders)  6.7  milli- 
meters; size  small,  about  the  same  as  that  of 
Geomys  texensis;  rostrum  relatively  short  and 
heavy;  incisors  with  two  very  unequal  grooves, 
the  smaller  one  close  to  the  inner  border  of  the 
crown,  the  larger  one  almost  exactly  bisecting 
its  anterior  face,  making  the  outer  of  the  three 
ridges  thus  formed  slightly  but  definitely  largest; 
the  cheek  teeth  are  relatively  small  and  not 
greatly  expanded  laterally,  m^  and  m'  being 
almost  evenly  elliptical  in  outline  but  with  the 
outer  edges  slightly  compressed;  p*  with  an- 
terior lobe  decidedly  smaller  and  less  laterally 
expanded  than  the  posterior  one;  m*  as  wide 
as  long,  subtriangular,  relatively  small. 

Besides  being  about  equal  in  size  to  0.  tex* 
etisisy  G.  parvidens  is  almost  identical  with  that 
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species  in  the  character  of  the  incisors,  but  it  p*  with  outer  reentrant   angle  rather  widely 

(tiffers  from  G.  texensis  and  the  other  living  V-shaped,  the  inner  one  forming  a  distinct  U ; 

species  of  the  genus  in  general  in  the  less  lateral  posterior  wall  of  last  molar  in  the  type  specimen 

expansion  of  the  cheek  teeth,  the  shorter  and  with  two  distinct  and  two  faint  parallel  longi- 

deeper  rostrum,  and  the  less  progressive  char-  tudinal  grooves  forming  three  low  but  distinct 

acter  of  p*.  closely  grouped  median  longitudinal  enamel 

The  lower  jaw  referred   to   this  species  is  ridges. 

relatively   short,    with    prominent   masseteric        This  species  differs  from  all  living  species  of 

ridge  and  the  submental  foramina  lying  almost  geomids  examined  in  having  the  area  of  the 

directly  under  the  anterior  end  of  the  masseteric  anterior  portion  of  the  masseteric  ridge  more 

ridge.     The   anterior  lobe  of  p^  is   relatively  depressed  and  in  the  position  of  the  anterior 

small  and  subcircular,  with  the  walls  very  little  submental  foramen,  which  is  nearly  as  in  the 

flattened.  two   above-described   species   of  Geomys.     In 

Geomys  minor  Gidley,  n.  sp.  living  species  this  foramen  is  anterior  to  the 

Plate  XXXIV,  figures?,  8.  masseteric  ridge  and  nearly  level  with  it.    In 

rrj  T»x-         *  1^1  •       11-  the  fossil  species  it  is  lower  and  more  posterior 

Type. — Portion  of  a  right  lower  jaw  lackmg  .  .t-        i   •         i        ^    j-      xi  j       i.u 

the  kst  molar  (catalog  No.  10494;U.  S.  Nat  '"  Po^'tion    lying  almost  directly  under  the 

^     \  anterior   extremity   of   the   masseteric   ridge. 

n    \  A      •  1  X  •         /     X  1  There  is  also  betw^een  the  cheek  teeth  and  the 

JrarcUype. — ^A   right   upper  mcisor    (catalog        ^    •      i      j        r  xv  -j  •     n 

XT     ^^.-of  TT  CI   XT  X  >r      \  anterior  border  of  the  coronoid  process  in  C. 

No.  10534,  U.  S.  Nat.  Mus.).  ,  .  uxixxiiji 

T      7-.        T»  xi   ^         xi     T»  1       1-x  6c7i5(mi  a  narrow  but  distinctly  marked  longi- 

Locality, — Both  from  the  Benson  locality.  ^    i-     i  ^ 

r»        '^'  T        .1.      ^     T.     1   X     xi  •  tudinal  fossa. 

Description, — Length  of  cheek-tooth  series        ^,  .  -     •       r        -i  j.    r^  ^  xi. 

/    X-      i.  j\  r^       IT      J.        XT.     •       •     T  1x1  1  his  species  IS  referred  to  Crofoflf^omys  on  the 

(estimated)  5.4  millimeters;  the  law  is  slightly        .,        ^^  •  x  j  •     -        i 

n      xi_       xi-  X     ^  ^  -7  1    i-zr  evidence  of  an  associated  upper  mcisor  of  appro- 

smaller  than  that  of  G.  parv^mens  and  diners        .   .      .         ,  .  i   i_      xi_      •     i  •       i. 

.        .^    xi        •     •    r      •      xi         X    •  pnate  size  which  has  the  single  groove  charac- 

from  it  otherwise  m  having  the  anterior  masse-  f    •  ^.      #  ^i.. 

.     .  J  1     XL  t.        X  1  tens  tic  of  this  genus, 

tenc    area    more    depressed,    the    submental  ^ 

foramen  slightly  farther  back  in  position^  the  Dipodomys  minor  Gidley,  n.  sp. 

cheek  teeth  relatively  larger,  and  the  anterior  ,,,  . 

,  ,        .  11.  xi-  Plate  XXXIV,  figure  16 

lobe  of  p4  more  nearly  circular  in  outlme;  no 

anterior  fossa  between  cheek  teeth  and  coronoid        Type.— A  nearly  complete  right  lower  jaw 

process.  containing  the  incisor  and  the  first  cheek  tooth 

An  associated  upper  incisor  tooth  is  of  appro-  (catalog  No.  10499,  U.  S.  Nat.  Mus.). 
priate  size  for  the  species     It  shows  the  charac-        Locality, — Benson  locality, 
teristic  grooving  of  a  true  Geomys,  and  it  is        Description. — Length    of    cheek-tooth    row, 

this  fact  which  has   determined   the  generic  measured  from  extreme  borders  of  the  alveoli, 

reference  of  0.  minor.  4.7  millimeters;  size  and  general  jaw  characters 

^  ^  „  about  as  in  the  living  species  Perodipus  chap- 

Cratogeomys  bensoni  Gidley,  n.  sp.  •     v/r     •  i      •      -x  i      j 

.  mam,  dmenng  only  in  its  more  slender  pro- 
Plate  XXXIV,  fig:iire8  9-11.  portions  and  in  the  somewhat  more  reduced 

Type. — ^A  portion  of  a  left  lower  jaw  carrying  condition  of  the  coronoid  process.     The  fourth 

all  teeth  (incisors  broken)  (catalog  No.  10495,  lower  premolar,  the  only  one  of  the  cheek-teeth 

U.  S.  Nat.  Mus.).  series  present,  is  a  long  crowned  and  anteriorly 

Paraiype. — ^An  upper    incisor   (catalog  No.  curved  tooth  which  is  double-lobed,  the  ante- 

10496,  U.  S.  Nat.  Mus.).  rior  lobe  having  an  anterior  reentrant  angle  as 

Locality. — Benson  locality.     The  species  is  in  P.  chapmani,  but  this  tooth  differs  from  the 

represented  by  four  other  pieces  of  the  lower  tooth  of  that  species  in  having  the  posterior 

jaws  from  the  same  locality.  lobe  relatively  wider.     Also  the  alveolus  of  the 

Description. — Length  of  cheek-tooth  series  8  last  molar  is  only  about  one-half  the  width  of 

millimeters   (measured  at  summits  of  teeth),  that  of  the  other  molars,  indicating  that  this 

About  the-  size  of  the  living  species  Geomys  tooth  is  relatively  more  reduced  than  in  the 

breviceps;  cheek  teeth  not  greatly  compressed;  living  species. 
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Family  MTTBIDAl. 

The  family  Muridae  is  rather  abundantly 
represented  at  both  localities.  The  12  deter- 
minable species  are  distributed  among  three 
subfamilies,  10  belonging  to  the  Gricetinae,  1 
to  the  Microtinae,  and  1  to  the  Neotomeniae. 

Genus  PEBOMTSCUS. 

Specimens  found  at  the  Benson  locality  are 
referable  to  three  species  of  Peromyscits,  Two 
of  these  are  new,  although  one  is  apparently 
closely  related  to  the  P.  iaylori  group.  The 
other  new  species  is  more  distinctive.  The 
third,  represented  by  a  single  lower  jaw  lack- 
ing the  cheek  teeth,  has  not  been  determined. 

PeroRiyscus  brachygnathus  Gidley,  n.  sp. 

Plate  XXXIV,  figure  12. 

Type, — The  greater  portion  of  a  right  lower 
jaw  carrying  all  the  teeth  (catalog  No.  10501, 
U.  S.  Nat.  Mus.). 

Locality, — Curtis  locality. 

Description, — Length  of  cheek-tooth  series, 
2.8  millimeters;  about  the  size  of  P,  taylori; 
jaw  relatively  short  anterior  to  cheek  teeth; 
last  molar  very  much  reduced,  as  much  as  in 
any  living  species  of  Onychomya,  The  teeth 
are  too  much  worn  to  determine  accurately 
their  normal  height  in  unworn  condition,  but 
they  appear  to  be  of  the  depressed  type  of  P. 
taylori. 

The  form  and  position  of  the  anterior  exten- 
sion of  the  masseteric  ridge,  the  general  charac- 
ter of  the  coronoid  region,  and  the  relatively 
broadly  expanded  anterior  lobe  of  the  anterior 
cheek  tooth  seem  to  determine  the  generic  ref- 
erence of  this  species,  but  it  differs  from  all 
living  species  of  the  genus  in  the  relatively 
short  jaw  and  the  greater  reduction  of  the  last 
lower  cheek  tooth,  which  seems  to  have  nearly 
or  quite  lost  its  hinder  lobe. 

Peromyscus  mininius  Gidley,  n.  sp. 

Plate  XXXIV,  figure  13. 

Type, — Portion  of  a  left  lower  jaw  carrying 
all  the  teeth  (catalog  No.  10500,  U.  S.  Nat. 
Mus.). 

Locality. — Benson  locality. 

Description, — Size  very  small, length  of  cheek- 
tooth series  2.6  millimeters;  cheek-tooth  cusps 
depressed,  with  well-marked  cingula  at  the  en- 
trance of  the  external  vaUey,  and  with  ten- 
dency to  inclose  the  internal  ones  by  an  up- 


rising of  the  inner  enamel  waD  between  the 
cusps;  anterior  lobe  of  the  first  cheek  tooth, 
p^,  relatively  narrow  but  two-cusped.  at  the 
smnmit;  posterior  lobe  of  last  cheek  tooth 
small,  almost  as  much  reduced  as  in  Ony- 
chomys. 

This  species  seems  more  nearly  related  to 
P.  taylori  than  to  any  other  living  species  but 
differs  from  it  in  having  a  narrow  divided  an- 
terior lobe  of  the  first  cheek  tooth  and  a  more 
reduced  hinder  molar.  It  further  differs  from 
that  species  and  more  nearly  agrees  with  others 
of  the  genus  in  the  wider  angle  at  which  the 
coronoid  portion  of  the  ascending  ramus  di- 
verges from  the  alveolar  portion  of  the  jaw. 

P.  minimum  is  distinguished  from  P.  6ra- 
chygnathus  in  that  the  jaw  is  somewhat  more 
slender  in  proportions;  the  masseteric  ridge  is 
less  advanced  forward;  the  cheek  teeth  are 
slightly  narrower;  the  anterior  lobe  of  the  first 
cheek  tooth  is  narrow  and  double  cusped,  while 
that  of  P.  hrachygnaihus  is  wider  and  undivided, 
and  the  last  cheek  tooth  is  somewhat  less 
reduced. 

Peromyscus  sp. 

Plate  XXXIV,  figure  14. 

A  second  and  larger  species,  about  equaling 
Peromyscus  m,  gambeli  in  size,  is  represented  by  a 
lower  jaw  (catalog  No.  10502,  U.  S.  Nat.  Mus.) 
lacking  all  the  cheek  teeth.  Length  of  cheek- 
tooth series  as  estimated  by  measiurement  of 
the  alveoli,  3.8  millimeters.  This  jaw,  in  its 
general  form  and  in  the  position  of  the  an- 
terior extremity  of  the  masseteric  ridge,  is 
sufficiently  characterized  to  make  certain  its 
generic  reference,  but  its  specific  features  can 
not  be  determined  until  the  cheek  teeth  are 
known: 

Genus  ELIGMODONTIA. 

Tlie  genus  EUgmodontia,  the  living  species 
of  which  are  confined  to  the  South  America 
continent,  is  represented  by  a  single  species  in 
the  fossil  collection  from  iVrizona. 

Eligmodontia  arizonae  Gidley,  n.  sp. 

Plate  XXXIV,  figiiro  15. 

Type. — Greater  portion  of  a  left  lower  jaw 
c(mtaining  the  complete  dentition  (catalog 
No.  10503,  U.  S.  Nat.  Mus.). 

Paraiype, — Single  lower  jaws  of  two  other 
individuals  (catalog  Nos.  10504,  10505). 

Locality. — All  from  Benson  locality. 


FOSSIL  VERTEBRATES  OF  THE  SAN  PEDRO  VAIXJBT,  ARIZONA. 


125 


Description, — ^Length  of  cheek-tooth  series 
3.6  millimeters;  about  the  size  of  the  living 
species  E.  morgani,  but  may  be  distinguished 
from  it  by  its  relatively  greater  depth  of  jaws, 
its  decidedly  shorter  symphysis,  and  the  less 
reduced  condition  of  the  last  molar. 

The  anterior  lobe  of  the  first  cheek  tooth  is 
distinctly  notched  by  an  anterior  median  re- 
entrant angle,  as  is  usual  in  Peromyscus,  where- 
as in  the  Uving  species  of  Eligmodontia  this 
lobe  is  usually  evenly  convex  in  front.  The 
fossil  species  from  Arizona,  however,  is  readily 
distinguished  from  Peromyscns  by  the  char- 
acters which  ally  it  to  Eligmodontiay  namely, 
by  the  form  and  position  of  the  masseteric 
ridge,  which  extends  forward  to  the  extreme 
anterior  border  of  the  cheek-tooth  series;  by 
the  form  and  situation  of  the  capsular  process 
for  the  reception  of  the  base  of  the  incisor, 
which  is  placed  high  upon  the  ascending  ramus 
and  is  marked  by  a  decided  sulcus  between  it 
and  the  coronoid;  and  by  the  form  of  the  last 
cheek  tooth,  which  in  species  of  Eligmodontia 
is  more  reduced  than  in  Peromyscus. 

Onychomys  pedroensis  Gidley,  n.  sp. 

Plate  XXXV,  figure  1. 

Type. — ^Portion  of  a  left  lower  jaw  carrying 
the  first  and  last  cheek  teeth  (catalog  No. 
10506,  U.S.  Nat.  Mus.). 

Paratypes. — Other  lower  jaw  portions  (cat- 
alog Nos.  10507,  10508,  U.  S.  Nat.  Mus.). 

Locality. — ^AU  from  Curtis  locality. 

Description, — Length  of  the  cheek  teeth 
4.5  millimeters;  size  somewhat  larger  than 
0.  leu,  ruidosae,  which  it  somewhat  more 
nearly  resembles  than  any  other  living  species. 
It  further  differs  from  that  species  in  its  rela- 
tively greater  depth  of  jaw,  the  greater  degree 
to  which  the  masseteric  ridge  is  carried  for- 
ward, and  the  somewhat  less  reduced  condi- 
tion of  the  last  cheek  tooth. 

Onychomys  bensoni  Gidley,  n.  8p. 

Plate  XXXV,  figure  3. 

Type, — Portion  of  a  right  lower  jaw  con- 
taining complete  dentition  (catalog  No.  10509, 
U.  S.  Nat.  Mus.) . 

Locality, — Benson  locality. 

Description, — Length  of  cheek-tooth  series 
3.9  millimeters;  about  the  size  of  0,  torridus 
but  with  less  reduced  last  molar,  as  in  the 
larger  species  0.  leu.  ruidosae.  The  hinder  lobe 
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of  the  last  molar  is  less  reduced  even  than  in 
the  last-mentioned  species.  0.  bensoni  differs 
from  all  the  living  species  of  the  genus  in 
having  more  widely  open  valleys  and  less  con- 
spicuous lophs  in  the  molar  teeth;  a  more 
depressed  heel  on  the  last  lower  molar,  which 
is  distinctly  lower  than  the  anterior  or  triconid 
portion;  and  apparently  a  relatively  larger 
and  higher  coronoid  process. 

Sigmodon  curtisi  Gidley,  n.  sp. 
Plate  XXXV,  figure  2. 

Type. — The  greater  parts  of  both  lower  jaws 
carrying  complete  dentition  (catalog  No.  10510, 
U.S.  Nat.  Mus.). 

Paratype. — Portion  of  a  right  lower  jaw 
with  cheek  teeth  (catalog  No.  10511,  U.  S. 
Nat.  Mus.). 

Locality, — Both  from  Curtis  locality. 

Description, — Length  of  cheek-tooth  series 
7  millimeters;  about  the  size  of  S.  hispidus 
arizojiae,  which  it  seems  to  resemble  more 
nearly,  but  it  differs  from  that  as  well  as  the 
other  hving  species  in  the  more  open  valleys  of 
the  reentrant  angles,  the  more  compressed 
lophs,  the  less  hypsodont  condition  of  the 
cheek  teeth,  the  relatively  deeper  posterior 
inner  reentrant  valley  of  p4  and  m^  and  espe- 
cially the  form  and  proportions  of  the  cusps  of 
the  last  lower  molar,  which  is  relatively  larger, 
with  the  hinder  cusp  relatively  broader  and 
fuller  than  in  the  living  species.  A  feature 
that  is  characteristic  of  this  and  the  species 
described  below  and  is  not  observed  in  any  of 
the  living  species  is  noted  in  the  last  molar,  in 
which  the  great  extension  and  flattening  of 
the  inner  or  lingual  wall  of  the  posterior  lobe 
forms  a  sharp  right  angle  with  the  posterior 
wall  of  the  reentranfc«€tfigle,'#n  that  side. 

I  take  pleasure  in  naming  this  species  for 
Mr.  Milton  Curtis,  in  recognition  of  his  efficient 
assistance  in  the  field. 

Sigmodon  minor  Gidley,  n.  sp. 

Plate  XXXV,  figures  4,  5. 

Type. — Portion  of  a  left  lower  jaw  carrying 
the  complete  dentition  (catalog  No.  10512, 
U.S.  Nat.  Mus.). 

Paratype. — Portion  of  a  left  maxillary  carry- 
ing the  anterior  two  cheek  teeth  (catalog  No. 
10513,  U.  S.  Nat.  Mus.). 

Locality. — Curtis  locality.  Five  other  lower- 
jaw   portions,   most   of   them   with    complete 
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Figure  1.  CUellus  cochisei  Gidley,  n.  sp.    T>'pe.     I'pper  check  teeth  of  ri^ht  side,  crown  view.     No.  10490, 

i: .  S .  X  a  t .  M  us . . . .  .* ! 121 

2.  Citcllus  cochmi  (Jidley,  n.  sp.     Portion  of  left  lower  jaw,  tooth-crown  view;  2a,  side  view.     No. 

10491,  U.  S.  Nat.  Mus 121 

3.  CiUllits  6<?i«oni(lidley,  n.  sp.    Type.     La.st  left  upper  molar,  crown  view:  3a,  31>,  rijjht  upper  molar 

probably  of  same  individual.     No.  10531,  V .  S.  Nat.  Mus 122 

4.  Citdlus  hinsoni  (iidley,  n.  sp.     lx)wer  cheek  teeth  in  fragment  of  jaw  of  loft  side,  crown  view.     No. 

10532,  r .  S.  Nat.  Mus 122 

5.  GfX)mys  parvidnis  Gidley,  n.  sp.    Tj'pe.     Anterior  portion  of  skull,  palate  view;  5a,  side   view. 

No.  10492,  r .  S.  Nat^  Mus 122 

C.  Geornys  parvidnis  (lidley,  n.  sp.    Portion  of  a  right  lower  jaw,  tooth-crown  view;  r>a,  side  Wew.     No. 

10493,  r .  S.  Nat.  Mus 122 

7.  Geomys  minor  Gidley,  n.  sp.    Type.     Portion  of  a  right  lower  jaw,  tooth-crown  view;  7a,  side  view. 

No.  10494,  U.S.  Nat.  Mus 123 

8.  Geomys  minor  (lidley,  n.  sp.    Upper  incisor  of  left  side,  front  view.    No.  10534,  U.  S.  Nat.  Mus. ..      123 

9.  Cratogeoviys  berisoni  Gidley,  n.  sp.     Type.     Portion  of  a  left  lower  jaw,  tooth-crown  Aiew;  9a,  side 

view.    No.  10495,  U.  S.  Nat.  Mus 123 

10.  Cratogeomys  hnisoiii  (lidley,  n.  sp.     Portion  of  a  right  lower  jaw,  tooth-crown  view;  10a,  side  view. 

No.  10497,  U.  S.  Nat.  Mus 123 

11.  Cratogeomys  bensoni  Gidley,  n.  sp.     Upper  incisor  of  right  side,  front  view.     No.  10496,  U.  S.  Nat. 

Mus \ 123 

12.  Peromysais  brachygnathus  Gidley,  n.  sp.     T\'])e.     Portion  of  a  right  lower  jaw,  tooth-cro\^Ti  >'iew; 

12a,  side  view.     No.  10501,  U.  S.  Nat.  Mus 124 

13.  Peromysais  minimvs  Gidley,  n.  sp.     Type.     Portion  of  a  left  lower  jaw,  tooth-crown  \4ew;  13a, 

side  view.     No.  10500,  U.  S.  Nat.  Mus 124 

14.  Peromyscus  sp.     Portion  of  a  right  lower  jaw,  side  view.     No.  10502,  U.  S.  Nat.  Mus 124 

15.  £ligmodoiitia  arizonae  Gidley,  n.  sp.     Tj^pe.    (Jreater  portion  of  a  right  lower  jaw,  crown  view; 

15a,  side  view.    No.  10503,  U.  S.  Nat.  Mus 124 

10.  Dipodomys  minor  (iidley,  n.  sp.     Type.     Greater  portion  of  a  right  lower  jaw,  tooth-crown  view; 

IGa,  side  view.     No.  10499,  U.  S.* Nat.  Mus 123 
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Page. 
Figure  1.  Onychomys  pedroensis  Gidley,  n.  sp.    T>'pe.     Portion  of  a  left  lower  jaw,  tooth-crown  ^'iew;  la,  side 

\'iew.     No.  10506,  U.  S.  Nat.  Mus 125 

2.  Sigmodon  curtui  (iidley,  n.  sp.     T\'pe.     Portion  of  a  right  lower  jaw,  tooth-crown  \"iew;  2a,  side 

view.     No.  10510,  U.  S.  Nat.  Miis 125 

3.  Onychomys  bensoni  Gidley,  n.  sp.     Type.     Portion  of  a  left  lower  jaw,  tooth-crown  view;  3a,  side 

v-iew.    No.  10509,  U.  S.  Nat.  Mus 125 

4.  Sigmodon  minor  Gidley,  n.  sp.     T\T)e.     Portion  of  a  left  lower  jaw,  tooth-crown  \'lew;  4a,  side  \'iew. 

No.  10512,  U.  S.  Nat.  Miis 125 

5.  Sigmodon  minor  Gidley,  n.  sp.     Two  anterior  cheek  teeth  in  fragment  of  left  maxillary',  inner-eide 

view.     No.  10513,  U.  S.  Nat.  Miis 125 

6.  SigmodomneditLS  Gidley y  n.  sp.     Type.     Portion  of  a  right  lower  jaw,  tootl  cro^sTi  view;  6a,  side 

view.     No.  10519,  U.  S.  Nat.  Mus 126 

7.  Sigmodon  mediiis  Gidley,  n.  sp.     Anterior  two  upper  cheek  teeth  of  right  si  .e,  in  fragment  of  jaw, 

crown  view.     No.  10519,  U.  S.  Nat.  Mus 126 

8.  Neotoma  fossilis  Gidley,  n.  sp.    Portion  of  a  left  lower  jaw  \dewed  from  above;  8a,  side  view.    No. 

10525,  U.S.  Nat.  Mus 126 

9.  Neotoma/oasilia  Gidley,  n.  sp.     Type.     First  upper  cheek  tooth  of  right  side  in  fragment  of  maxillary, 

crown  view.     No.  10524,  U.  S.  Nat.  Mus *. .       126 

10.  Neotomxi  fossilis  Gidley,  n.  sp.     Anterior  two  lower  cheek  teeth  of  right  side,  crown  view;  10a,  inner 

side  view.     No.  10526,  U.  S.  Nat.  Mus 126 

11.  cf.  Sylmlagus  sp.    Median  incisors  in  fragment  of  premaxillary,  palate  \'iew;  11a,  front  \'iew.     No. 

10529,  U.  S.  Nat.  Mus 127 

12.  LepiLS  sp.    Two  upper  incisors  of  right  side  in  fragment  of  premaxillar\',  palate  view;  12a,  front  view. 

No.  10535,  U.  S.  Nat.  Mus 128 

13.  Lepxis  sp.  cf .  L,  califomicus.    Anterior  two  cheek  teeth  of  right  side  in  fragment  of  lower  jaw,  crown 

view;  13a,  outer  side  view.    No.  10528,  U.  S.  Nat.  Mus 127 

14.  Neo fiber  sp.    Portion  of  a  left  upper  molar,  oblique  crown  view;  14a,  outer  side  view.    No.  10527, 

U  S.  Nat.  Mus 127 

15.  Lepus  sp.    Portion  of  left  lower  jaw,  tooth-crown  view;  15a,  side  view.    No.  10530,  U.  S.  Nat.  Mus. .      127 
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REVISION  OF  THE  FLORA  OF  THE  GREEN  RIVER  FORMATION,   WITH 

DESCRIPTIONS  OF  NEW  SPECIES, 


By  F.  H.  Knowlton. 


THE  GREEN  RIVER  FORMATION,  Book  Cliffs  in  western  Colorado;  White  •  studied 

mi     ^          T>.         u  1       1  i.      1                  *i.  it  in  western  Colorado  and  eastern  Utah:  End- 

The  Green  Kiver  shales,  later  known  as  the  i-  ,   -    ,        ^     i    -^                            i          Un  •. 

ri         ry-        t         x-                           j       j  j  hch  ^   described   its   occurrence   along   White 

(ireen  Kiver  formation,  were  named  and  de-  ^.                    ,        ^  ,       ,          ,         .r     i.  ., 

«  «:u  J  u    T?   Tr   XT     J       •     iO£!ni      A/*      J-  Kiver  in   western  Colorado  and  south  of  the 

scnbed  by  F.  V.  Hayden  in  1869.^     After  dis-  txtit^-       nr       x-ttt               .       it»io 

A           ,        J   r      x     1     1       1          xu  WindKiverMountamsm Wyoming:* and Peale* 

cussing  the  coal  and  lignite  beds  along  the  ^ix-xi           xi              i         /             .      # 

TT  •       "D     -x:     T>    1       J  •            X        TIT        •  noted  it  m  the  northern  and  western  parts  of 

Umon  Facmc  Kailroad  m  western  Wyoming,  ^,     ^^         t^.        t^     .                               ^ 

TT      ,                                                           ^          o  ^^Q  Green  River  Basm. 

Hayden  says:  i-x        ^  .,            .            ,  .       i.  ,,          i. 

One  of  the  most  complete  of  the  earner  ac- 

A  little  east  of  Rock  Spring  station  a  new  group  com-  counts  of  the  Green  River  formation  is  that 

mencee  composed  of  thinly  laminated  chalky  shales,  which  -^^^   k^  T7«^^^«^  lo  :«   i>;«   ^««««:^*:^,.    ^/  *i.« 

Ti-          iijxi_i-.        T>.        i_,      1^           xi!  given  by  Ji*mmons  *"  m  nis  description  of  the 

I  have  called  the  Green  River  shales,  because  they  are  °             ^ .           t>     •          rm.           m    x  •           £ 

beBt  displayed  along  Green  River.    They  are  evidently  ^^^^^    ^^^^^   Basin.      Three    Tertiary   forma- 

of  purely  fresh-water  origin  and  of  middle  Tertiary  age.  tions — or  ''series,"  as  they  were  then  called — 

The  layers  are  nearly  horizontal  and,  as  shown  in  the  \Tilley  were  recognized,  the  oldest  of  which  was  the 

of  Green  River,  present  a  peculiarly  banded  appearance.  Wasatch   formation   (nearly  the    same   as   the 

When  carefuUy  studied  these  shales  will  form  one  of  the  «  Vermillion  Creek  group  ^'  of  King   and   the 

most  interesting  groups  m  the  West.    The  flora  is  already  ^       -    ^,       7^t>'7^        r^      ^           •     n      # 

very  extensive,  and  the  fauna  consists  of  Melanias,  Cor-  "PP^^„  P^^^    ^^    ^^®  /Bitter   Creek    series      of 

bulas,  and  vast  quantities  of  fresh-water  fishes.    There  Powell).      Above    this,   without    apparent   dis- 

are  also  numerous  insects  and  other  small  undetermined  cordaiice,     was    the    Green     River    formation, 

fossils  in  the  asphaltic  slates.    One  of  the  marked  features  which   in    turn   was   overlain   by   the   Bridger 

of  this  group  is  the  great  amount  of  combustible  or  petro-  formation 

leum  shales,  some  portions  of  which  burn  with  great  readi-  m,       r^            t>  •          i_     i                   i         -i      i    i 

AX.       x.           A  t    t    y  ■     4.  A  he  Green   Kiver  beds  were   described  by 

ness  and  have  been  used  for  fuel  in  stoves.  ^        J 

Emmons  as  follows: 

The  decade  that  followed  the  naming  and  de-  rm.    ,    ,     . .,     /^        t^.           .          x     .    -.i.  .,. 

^.          ^xi_i-»            T>-            i_i                  r  ^®  "^"^  o^  *^®  Green  River  series  contrast  with  those 

fining  of  the  Green  River  shales  as  a  forma-  ^^  ^^^  ^ther  two  groups  by  the  relative  prevalence  of 

tional  imit  by  Hayden  was  one  of  increased  calcareous  material  and  the  fineness  of  their  sediments, 
geologic  study  in  the  West,  with  the  result  that  They  were  deposited  in  quiet,  probably  deeper  waters 
these  beds  were  recognized  and  more  or  less  ^^  perhaps  during  the  time  that  erosion  was  wearing 
fully  described  at  a  number  of  widely  separated  ^^'*>'  l^^,  limestones  of  the  Upper  Coal  Measiu^.  They 
.  on.  Ti  1  a  1  i_  /^  consist  of  a  lower  series  of  calcareous  sandstones  and 
pomts.  Ihus  Peale  recognized  the  Green  ^^^^  limestones,  containing  some  Ugnite  seams,  over- 
River  group,  as  he  called  it,  between  Grand  lain  by  a  great  thickness  of  remarkably  fissile  calcareous 
(now  Colorado)  and  Gunnison  rivers  in  Colo-  shales  abounding  in  remains  of  fish  and  insects,  which 
rado;  PowelP  noted  it  along  the  northern  foot-  ^^^^  *°  aggregate  thickness  of  about  2,000  feet  and  are 
hills  of  the  Uinta  Mountains,  distinguishing  a  characterized  throughout  by  their  preva^ 

,,         J    <<TT           n    n\             T>-            T?  The  extent  of  the  sea  in  which  these  beds  were  deposited 

Lower       and       Upper      Green    River;    Em-  ^^  somewhat  less  than  that  of  the  previous  period,  a 

mons,*  who  was  connected  with  the  Fortieth  strip  of  land  ha\dng  been  elevated  above  its  level  along 

Parallel  Survey,  described  it  very  fully  for  the  the  flanks  of  the  Wasatch,  and  probably  also  a  narrower 

Green  River  Basin;  Peale  ^  found  it  along  the  ^^"P  ^^^°^  ^^^  «^^^^^  ^^  ^!'^  P^''^  ^^S^J  its  beds,  how- 

ever,  were  deposited  continuously  over  the  ridge  of  Ver- 

»U.8.0eoLSurveyTerr.Tiurd  Ann.  Rcpt.  (reprint,  1873),  p.  190.  million  Creek  Wasatch  beds,  between  the  Bitter  Creek 

•  Peale,  A.  C,  U.  8.  Geol.  and  Geog.  Survey  Terr.  Ann.  Rept.  for  1.S74, 

pp.  147, 156-158,  1876.  «  While,  C.  A.,  idem,  pp.  1^35. 

»  Powell,  J.  W.,  Geology  of  the  Uinta  Mountains,  pp.  40,  45,  166,  167,  ^  Endlich,  F.  M.,  idem,  p.  111. 

1876.  ■  Idem  for  1877,  p.  1.30,  1879. 

<  Emmons,  8.  F.,  U.  8.  Expl.  40th  Par.  Rept.,  vol.  2,  pp.  203,  240, 1877.  •  Peale,  A.  C,  idem,  p.  525. 

»  Peale,  A.  C,  U.  8.  Geol.  and  Geog.  Survey  Terr.  Ann.  Rept.  for  1876,  »»  Emmons,  S.  F.,  U.  8.  Expl.  40th  Par.  Rept.,  vol.  2,  pp.  203,  240, 

p.  184, 1878.  etc.,  LS77. 
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V  ,\.  ]{.  '-*■:.  :.:z      •»r^  tL*-  areii  art»und 
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Wv'-.     >-r.  ..i:z  jw  ^s^.'j/^^  f  -jr  ineinlier?  of  the 
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:   <:  ..:.    i-  f 'U^w-:     ]    T::*:  •!;  >hale  member, 
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.;j.«'-T''!.«  .    -!-..]•-.    ritiy.    aij'i    >and?tone:     ^2) 

.'"  "",.■    ^      "      '   '        "    *■  -'   '       -      r;it:  I'fjral  Bluff*   r— i-h»ed*   ineii'jKer.  c<»mposed 

,  '  /  ij  ''J  ^''i  "J"  vjinr-^'Jiin-'j  r-'.»ni:Joint-rauc  sandstone, 

iy.    .r  ,v-.< '.  ,« .'.^    ..'.  . '■•\;';^"  ;-.   \'.j    G;«'^j.   JiJ'.'-r  ,  ,     ,  .     ,  ,     ,  ,  , 

,  ■  .         .  t/. .;]<-.  iijid  r-iav:    -i   J-anev  shule  memt^er,  made 

,  .  ,.  M         i>  liN  of  wjjjK'  jiTi'l  zr*'»'n  lis?iJt'  s::;iie.  lunestone, 

vv&v /•  5« /j'A';  of  G.M  <  .'J  J(,-.  f ;  . '.  ';.<    \\  ir;fj  JiJ'.  «r       '  ,  ...  ,  , 

•  I  I'-  /  J   »f  "Jid  -fanrj-jioijt'.    ■?iiiiiliir  i«»  liiMse  s«.«  eharacter- 

,    .            ..  .     *  .           .  ,                               ...  i-ur-  of  tli«-  lower  member  ur  Jipton  shale  of 

r/<riv.<</j  t 'y.ofa^io  a/.o  «/ij/jf,j-o5j  /J'.<'i-.  ♦  oio..  ...            ...          -        i  ■                  *.     ,       ^   .i          i 

,                 ,                          ■      ..  .         i          'i<  the  Gn-tTi  iuv«'r  in  tins  part  «'f  the  held  and 

a  Oi.*tii/j«  <-  i,\   \iuu\u>.\ii\\i\^  »\    -Vih  ;jjJj<*-.      i  fie  ,                    ^.            t.-         j.            •        •          i 

.    '     .                                    II  to  the  f'liTire  (jre<'n   Kiver  funnation  m  other 

.  ,       I    ,  I  .  /     .1   .1      r  r>Jirt-  of  the  GnM'ii  Kiver  nasm:      (4'  "Tower 

ni'\iUi'i\.  for  J I  a»>iji>  o/j  t|j<-  <a-N-/ij  lootliui-.  ol  ' 

i      ,-.  ,    .-  ,,..  .         ,       .  s}in<l-,tone      and   rilant   beds  nf  Fowell.  which 
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.  Ill  i  fonsi.st  of  massive,  regularlv  bedded  sandstone, 

jjowi'Vi'i'    ai<'  W>>.   .*lja/i/.      YAiiUMtw^.  expn->-i*M  ...  i    i     i  ' 

.  .1    .    .1      /  .  II  sandv  limestone,  and  shale. 

tfje  opinion   llial    iJje  for/nation  on;;inallv  i*x-         .  -     .         ,        ,  i       t   i-    .  .  • 

...  .  ,  r  .1     i>    I   iT  'I'lst  how  far  these  proposed  subdivisions  of 

t^'nui'd  lo  ihi^  w«'^^!^•^l  5^1op«'>  of  Ihi' J'arK  Jiani'e,      ,      ,,  i».         j^  •  t  •      i 

I    ,     .  -  I  r      .1  •  *  tlie  Green  Kiver  formation  can  be  recognized 
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,  ,,..      ..  ...         ;  •  4  i  in  other  parts  of  the  vast  area  over  which  it 

rjii.tivi'.      Ih*'  <ii«*<*n  J(iv«*r  foi'niatiori  was  not  ,     .'  ,  ,         ,  , 

extends  is  not  n(»w  kno^^^l,  though  some  sub- 


i'('<'o[(iii/i«d  by  I'l.  K.  Sijiitli"  in  his  study  of  the 
eaatci'ii    pail    of    the  iiii'at    l>ividf*   i'oal    h(*ld, 


division  is  undoubtedly  possible.     The  earliest 


.        11      ..,       ,   I     f  .•  ii     .I-  I      known  and  most  thorouirhly  exploited  of  the 

Ihoimh    iIh^    WiisahJi    fdiiiialion,    with    tiii<rk- ,     ,         ,  ,     ,  i         xi     tt   •       t>     -r* 

"  ...  ,.,.,.        ,   ,  ^,.,.  r    «    :      phint-l)earinj'  beds  are  along  the  Union  Facific 

.     .  '.    I  i-     .   1        I     i-r    I    Kailroad  2  or  .i  miles  west  of  the  to\\Ti  of  Green 

pieheiil.   MMTe,   iioi'  wii.s  it    di-hinlrly   Hirntlhed     __  .  t       .     tt 

I      ti     i«r     II   II, J  •  I         .     I        f  ii            .        ,  Kiver,  wliere,  ace(»rding  to  Ha 

by   M.   W.   Halr^  in  his  htinly  of  liii-  western       ,,       '      ,                       ,^    ,    ,^, 

-      .       I  -..I  e      1        i/                  I    r.  II     othei-s,   tliey  occur  a])out   10( 

pitrt.    of    thr    Llllh*  hiniki*     Uivrr    coal    ll(»ld,                 '            mi-         i              i    • 
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though    it.    limy    b<*    ^^))n•^srnt^d    in    some    nn- 

dillel'entiated  bt'dr.  abnvf  the  Wiihiilrh  forma-      ,         .  „  i      .    .i       ^  t  ry 

„„      ,y  ,».         f  •  II        tiiat  is  so  well  exposed  at  the  town  of  ureen 

thill.      1  b(^  (in'cii    Ui\cr  formatinii   is  said   l)y     ,^.  ,«        ..         .       i  i      i  ^  n  i 


Hay  den.  Ward,  and 

100  feet  above  the 

fish    beds.     This    places    their    position    some 

hundreds  of  feet  below  the  *' Tower  sandstone'' 


A.  l{.  Sehnll/''  to  ivNttMid  (imt  thr  imrth  t'liil  of 
the  Koek  Springs  uplift  and  out  into  the  Ued 


River.  Powell  and  others  who  have  followed 
him  seem  to  be  in  error  in  speaking  of  the  plant 
l)e(ls  as  overlvinir  the  **  Tower  sandstone." 


)i*M«M't   to  a  point  alanit  JO  mih's  MUilhrast  of  ,                    '    ,                   i    i  i      •        •          *  ., 
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,       ,     ,                ^,              I  II    I          I         I.  .1  formation,  that  it  has  been  found  to  be  fossil- 
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appears  that  in  all  probal)ilitv  thest^  lu^ds  onee  ,  .              ,.     .                                               ,     . 

'*        ,      ,                .     r  .1     i '■      «  ii       I     II     :  «»i^  this  peeuliaritv  inanv  vears  ago,  pointing 

roxrrrd  a  lar^t^  part  of  thiMireat  Pivide  Ibism  *                 -             *    -            -or            o 

aitil    (he    Ked    he^erl    but    Were   later   removed 
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e-ilable,he*l    ihat    the   iiiaMiiium    widlli   of   the  '       ,      ,     .           „.             ,          i     i     i         •      i        * 
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"  I'Uuii.  !•    -'11.  '     — "- . 
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..I.. I     I  1.1.     I.'..il      I  1.1.^.11.1      Kilt      i(  <ii-ii     liitiii*     r.kiiii  iviki  I  I 

for  miles  without  iiiulin«r  a  trace  of  animal  or 
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present  in  the  region,  and  yet  so  far  as  known 
they  are  absolutely  barren  of  fossils.  The 
suggestion  that  these  beds  may  have  been 
deposited  in  deep  water  far  from  shore  does 
not  fully  explain  their  barrenness,  for  even  if 
they  were  it  would  seem  that  they  should  con- 
tain a  few  specimens. 

So  far  as  now  known  the  first  fossil  form  from 
the  Green  River  formation  to  be  brought  to 
scientific  attention  was  a  small  herring-like 
fish  described  by  Joseph  Leidy  ^^  in  1856,  xmder 
the  name  Clupea  humilis,  later  changed  to 
Diplomysius  humilis.  It  was  collected  by  Dr. 
John  Evans,  who  visited  the  Rocky  Moimtain 
r^on  in  1849  and  1856,  from  the  so-called 
fish  beds  near  the  town  of  Green  River  and  was 
the  forerunner  of  thousands  of  wonderfully 
preserved  fish  remains  that  have  since  been 
found. 

As  already  stated,  Hayden  named  the  Green 
River  formation  in  1869,  and  at  that  time  he 
mentioned  the  presence  of  an  extensive  flora/' 
but  it  is  not  a  matter  of  record  that  he  brought 
actual  specimens  to  Washington.  However, 
Hayden  again  visited  the  plant  and  fish  beds 
near  Green  River  during  the  summer  of  1870, 
writing  as  follows :  *• 

About  a  mile  west  of  the  "petrified  fish  bed"  is  a  cut 
along  the  railroad  which  passes  through  a  moderate  thick- 
ness of  buff  chalky  limestones,  filled  with  impressions  of 
leaves  of  deciduous  plants. 

These  plants  were  submitted  to  J.  S.  New- 
berry, and  his  preliminary  report  in  the  form  of 
a  letter  was  published  by  Hayden  in  the  report 
cited.  The  collection  comprised  only  about 
half  a  dozen  forms  sufficiently  well  preserved 
to  be  capable  of  identification,  and  of  these  he 
wrote  as  follows : 

Among  them  I  find  two  palms,  both  quite  unlike  any- 
thing before  found  on  this  continent.  One  is  a  new  Phoe- 
nieitea,  resembling  Heer's  Manicaria  formosa;  the  other 
but  an  imperfect  fragment,  yet  altogether  new  and  strange 
to  me.  The  most  abundant  species  contained  in  the  col- 
lection is  a  Magnolia,  allied  to  M.  tenuirvervis  Lesquereux 
but  more  elongate  and  acute;  also  an  oak  resembling 
Quercua  saffordi  of  Lesquereux.  There  is  another  oak  in 
the  collection,  a  laurel  (probably),  and  fragments  of  two 
ferns,  too  imperfect  for  determination. 

This  accoimt  of  the  Green  River  flora,  al- 
though relatively  unimportant,  is  so  far  as 
known  the  first  one  published. 

^  Philadelphia  Acad.  Nat.  Sci.  Proc.,  vol.  8,  p.  256,  I806. 
"  Hayden,  F.  V'.,  U.  S.  Geol.  Survey  Wyoming  Prelim.  Rept.,  p.  143, 
1871. 


On  his  way  back  from  the  field  in  1870  Hay- 
den passed  over  the  old  overland  stage  route, 
which  follows  Bitter  Creek  nearly  to  its  head, 
crosses  the  Rod  Desert,  and  thence  goes 
tlirough  Bridger  Pass  to  the  Laramie  Plains. 

THE  OIL  SHALE  AND  ITS  MICROSCOPIC  FLORA 
AND  THE  BEARING  OF  THE  FLORA  ON  THE 
ORIGIN  OF  THE  SHALE  OIL. 

The  intensive  search  for  sources  of  petro- 
leum that  is  now  being  prosecuted  in  many 
parts  of  the  world  has  naturally  directed  re- 
newed attention  to  the  oil  shales  of  the  Green 
River  formation,  which  are  known  to  occur 
over  vast  areas  in  Wyoming,  Colorado,  and 
Utah.     According  to  Winchester,^' 

Approximately  5,500  square  miles  in  northwestern  Colo- 
rado and  northeastern  Utah  are  underlain  by  beds  of  oil 
shale  thick  enough  to  mine  and  apparently  rich  enough  to 
warrant  the  development  of  an  industry  for  the  manufac- 
ture of  shale  oil  and  other  products. 

Concerning  the  origin  of  the  shale  oil  Win- 
chester*® wrote  as  follows: 

The  Green  River  formation  or  that  part  of  it  including 
the  oil  shales  consists  of  remarkably  persistent  and  thinly 
bedded  shales  with  some  sandstone  and  at  places  oolite  and 
limestone.  The  beds  were  laid  down  in  fresh  water  which 
had  an  enormous  expanse  and  was  deep  enough  so  that 
wave  action  had  little  effect  on  the  sediments.  The  shale 
is  in  most  places  free  from  grit  and  contains  an  inmiense 
amount  of  vegetable  matter;  the  richer  beds  shoV  by  far 
the  greater  amount  of  such  material.  Singularly  enough, 
such  low  plant  forms  as  the  blue-green  algae  are  represented 
in  great  abundance  and  in  a  state  of  almost  perfect  preser- 
vation. Pollen  grains  are  present  which  came  from  conif- 
erous trees  which  grew  on  land  perhaps  at  considerable 
distances  from  the  great  inland  lake  in  which  the  shale  was 
deposited.  There  is  also  a  vast  amount  of  organic  material 
which  is  too  macerated  for  identification.  Complete 
insects  and  excellently  preserved  dipterous  larvae  as  well 
as  fish  scales  and  even  perfect  iish  skeletons  have  been 
found,  but  in  most  hand  specimens  of  the  shale  there  is 
little  evidence  of  other  plant  life. 

The  microscopic  life,  especially  plant  life,  of 
the  Green  River  oil  shale,  and  its  probable 
bearing  on  the  origin  of  the  oil,  were  imder 
critical  study  by  the  late  C.  A.  Davis,  of  the 
U.  S.  Bureau  of  Mines,  and  many  valuable 
data  have  been  accumulated,  but  his  death  in 
1915  brought  the  study  to  a  close  before  much 
had  been  recorded.  A  great  niunber  of  thin 
sections  and  other  especially  prepared  material 
had  been  brought  together,  and  a  few  months 
more  of  study  would  have  placed  the  subject 

"  Winchester,  D.  E.,  OU  shale  in  the  United  States:  Econ.  Geology, 
vol.  13,  p.  508, 1917. 
18  Idem,  p.  510. 
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on  a  firm  basis.  As  it  is,  the  only  recorded 
facts  resulting  from  this  study  are  in  the  form 
of  the  following  notes  prepared  by  Davis  for 
Winchester's  paper: 

Flora  of  the  oil  shale  of  the  Green  River  formation, 

(a)  Bacteria,    CrenothriXy   and   similar    low    filamentous 

types. 

(b)  Myophyceae:  Blue-green  algae. 

(c)  Algae:  (1)  Protococcaceae :  Protococciis,  Pediastrum, 

(2)  Conjugatae:  Sjnrogyra, 

(d)  Fungi:  Saprophytic  molds,  etc. 

(e)  Mosses:  Spores  probably  from  these  plants. 

(/)  Pteridophyta:  Ferns;  annuli  from  fern  sporangia. 
{g)  Spermatophyta: 

(1)  Gymnospermae :  Pinaceae;  pollen  of  Picea  smd 

Pinus. 

(2)  Angiospermae :  Pollen  and  fragments  of  cells, 

tissues,  etc.  Bark  cells  and  residues,  small 
pieces  poorly  preserved.  In  addition  there 
are  abundant  and  well-preserved  remains 
which  are  of  good  size  and  of  irequent  occur- 
rence, which  seem  to  be  structureless  so  far 
as  cellular  structures  are  concerned.  How- 
ever, they  have  definite  and  pretty  regular 
forms  and,  in  Dictyonophora,  definite  areas 
which  carry  well-marked  and  characteristic 
patterns  which  seem  like  cells  but  which 
show  no  cell  walls.  These  anomalous  forms 
seem  to  have  been  the  most  abundant 
organisms  in  the  waters  in  which  the  shales 
were  laid  down  and  are  evidently  vegetables 
of  a  low  order  of  development.  They  are 
manifestly  in  place  as  they  grew,  since  they 
do  not  show  in  pressed  down  masses  but 
were  buried  in  natural  positions,  very 
slowly. 

The  bearing  of  this  microscopic  flora  on  the 
origin  of  the  shale  oil  is  further  discussed  by 
Davis  in  notes  quoted  by  Winchester  but  need 
not  be  mentioned  here  further  than  to  state 
that  the  evidence  seems  to  indicate  that  the 
oil  was  produced  in  place  and  not  by  migration 
from  some  other  source. 

GREEN   RIVER  LAKE. 

The  Green  River  lake  was  a  very  considerable 
body  of  water,  as  its  length  from  north  to  south 
was  approximately  300  miles  and  its  width 
more  than  150  miles.  It  is  not  known  that 
this  maximum  extent  was  reached  at  any  one 
time,  but  at  some  time  during  its  existence  its 
waters  spread  in  one  direction  or  another  to 
these  wide-flung  limits.  It  was  bordered  on 
the  north  and  west  by  what  are  now  lofty 
mountain  ranges,  though  they  were  then  of 
far  less  elevation.  Its  containing  barriers  on 
the  east  and  south  are  less  easily  recognizable 


but  were  apparently  certain  low-lying  Cre- 
taceous and  perhaps  earlier  rocks  that  were 
then  emergent.  It  may  have  extended  as  far 
as  the  western  foothills  of  the  Park  Range, 
but  this  is  somewhat  uncertain.  The  lake 
was  almost  bisected  by  what  are  now  the 
Uinta  Mountains,  but  it  is  clear  that  there  was 
a  waterway  around  the  east  end  of  the  Uinta 
Range  through  Brown's  Park.  Clarence  King'& 
conception  of  the  physical  conditions  that  ex- 
isted in  and  adjacent  to  the  Green  River  Basin 
during  early  Eocene  time  was  set  forth  in  the 
volume  devoted  to  the  general  geology  of  the 
region  traversed  by  the  Fortieth  Parallel  Sur- 
vey under  his  direction.  Among  the  subjects 
discussed  are  the  supposed  Tertiary  lakes  in 
that  region.^®  King  pointed  out  that  at  the 
end  of  Cretaceous  time  '*  the  relative  upheaval 
of  the  whole  Rocky  Mountain  chain  and  the 
west  shore  of  the  Cretaceous  sea,  including  the 
system  of  the  Wahsatch  and  its  northerly  ex- 
tension, resulted  in  walling  in  the  system  of  the 
Colorado  River,  which  then  for  the  first  time 
became  an  area  from  which  the  sea  was  quite 
excluded. '^ 

The  Wasatch  and  Rocky  mountains  con- 
verge toward  the  north  and  join  near  the 
present  headwaters  of  Green  River,  but  toward 
the  south  they  diverge  more  and  more  until 
in  southern  Colorado  and  New  Mexico  they 
are  500  miles  or  more  apart.  It  was  within 
the  area  inclosed  by  these  mountain  systems,^ 
but  more  especially  in  the  northern  part, 
largely  in  what  is  now  the  Green  River  Basin, 
that  King  located  his  succession  of  Tertiary 
lakes.  The  earliest  of  these  lakes,  according 
to  his  conception,  was  a  great  body  of  fresh 
water  that  extended  150  miles  north  of  the 
40th  parallel  and,  from  some  evidence,  for 
200  miles  to  the  south  and  was  perhaps  150 
miles  wide.  For  this  lake  he  proposed  the  name 
Ute  Lake.  According  to  King  it  was  in  the 
waters  of  this  lake  that  the  great  body  of 
sediments  were  deposited  that  later  con- 
stituted the  Wasatch  formation. 

Subsequent  study  has  more  or  less  dis^ 
credited  King's  conclusion  as  to  the  lacustrine 
origin  of  the  Wasatch  rocks,  many  observers 
regarding  them  as  more  probably  flood-plain 
deposits.  Be  this  as  it  may,  at  the  end  of 
Wasatch   time   there   was   a   subsidence   that 

19  King,  Clarence,  U.  S.  Geol.  Expl.  40th  Par.  Rept.,  vol.  1,  pp.  444- 

448,  1878. 
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permitted    a    wider    overflow    of    impounded 

waters.    It  was  in  this  body  of  water,  named 

Gosiute  Lake  by  King,  that  the  sediments  of 

the  Green  River  formation  were  laid  down. 

Whatever  may  be  the  origin  of  the  Wasatch 

sediments,  all  Are  apparently  agreed  that  the 

Green  River  shales   are  of  lacustrine  origin. 

King  says: 

Afl  developed  at  characteristic  localities  in  the  neighbor- 
hood of  Green  River,  this  group  embraces  about  2,000 
feet  of  conformable  fine-grained  rocks,  gi\'ing  general 
evidence  of  accumulation  in  still,  rather  deep  water. 
The  lower  1,200  feet  are  made  up  of  finely  fissile  shales  and 
calcareous  clays,  ^ith  some  quite  fine  limestones.  Many 
of  the  upper  shales  are  strongly  bituminous. 

The  position  of  the  outlet  of  Green  River 
lake  is  not  known,  though  it  was  doubtless 
somewhere  to  the  south  or  southwest.  It 
seems  not  unlikely  that  it  followed  approx- 
imately the  present  Colorado  River  drainage 
system,  as  its  surplus  waters  undoubtedly 
foimd  their  way  into  the  Pacific  Ocean. 

If  the  deductions  to  be  drawn  from  the  fish 
fauna  have  been  correctly  interpreted  the 
lake  was  at  a  comparatively  slight  elevation 
above  sea  level.  Data  regarding  this  fauna 
furnished  by  Dr.  O.  P.  Hay,  of  the  United 
States  National  Museum,  show  that  about 
35  fairly  well  authenticated  species  of  fish 
are  known  from  the  Green  River  shales.  Three 
families,  represented  in  this  fauna  by  four 
genera  and  eight  species,  have  pronounced 
marine  affiliations.  Thus  the  Clupeidae, 
which  include  the  very  large  group  of  herrings, 
are  represented  by  three  genera  and  six 
species.  The  herrings  to-day  are  mainly  con- 
fined to  the  ocean,  though  some  ascend  rivers 
to  spawn,  and  a  few  live  in  rivers.  The  sting 
rays,  represented  by  a  fine,  clearly  defined 
species  {Heliobatis  radians)  in  the  Green 
River,  are  mainly  marine,  though  a  few  forms 
live  in  rivers.  A  third  family  is  also  repre- 
sented by  a  single  species,  the  living  representa- 
tives of  which  are  found  in  estuaries  and  rivers 
of  Australia. 

From  these  facts  it  seems  certain  that  the 
sea  was  not  far  away  from  the  Green  River  lake 
or  at  least  was  readily  accessible.  Cope,^"  who 
described  most  of  the  Green  River  fishes,  says: 

True  herring,  or  those  with  teeth,  are  cliiefiy  marine,  but 
they  mn  into  fresh-water  rivers  and  dei)osit  their  spawn 
in  the  spring  of  the  year  and  then  return  to  salt  water.    The 

"Cope,  E.  D.,  U.  8.  Gool.  and  Oeog.  Survey  Terr.  Ann.  Rept.  for 
IgTa  p.  431, 1871. 


young  run  down  to  the  sea  in  autumn  and  remain  there 
until  old  enough  to  spawn.  The  size  of  the  fry  of  the 
Rocky  Mountain  herring  indicates  that  they  had  not  long 
left  the  spawning  ground,  while  the  abimdance  of  adults 
suggests  that  they  were  not  far  from  salt  water,  their 
native  element.  To  believe,  then,  that  the  locality  from 
which  these  specimens  were  taken  was  neither  far  from 
fresh  nor  far  from  salt  waters  is  reasonable. 

Osborn  in  discussing  the  Green  River  fishes 

in  his  ^^Age  of  mammals,"  says  in  part: 

A  large  jmrt  of  the  teliosts  are  related  to  fishes  at  pres- 
ent confined  to  the  Eastern  Hemisphere.  Thus  the 
diplomystids  ('rough-backed  herrings")  survive  only 
in  certain  rivers  and  along  jwrtions  of  the  coasts  of  Chile 
and  eastern  Australia. 

The  distance  from  the  Green  River  lake 
to  the  ocean  can  only  be  approximated,  though 
it  must  have  been  some  hundreds  of  miles. 
This  distance,  however,  would  not  have  been 
a  serious  obstacle  to  the  passsage  of  fish  from 
one  to  the  other,  provided,  of  course,  there 
were  no  insurmountable  falls  or  other  obstruc- 
tions in  the  stream.  Salmon  are  known  to 
ascend  to  the  upper  waters  of  the  Yukon  to 
spawn,  a  distance  of  2,250  miles. 

About  a  dozen  species  of  land  and  fresh- 
water invertebrates  (Helixy  Physaj  Viviparus, 
Pupa,  Unioy  and  others)  have  been  found  in 
the  Green  River  shales,  but  they  throw  little 
light  on  the  ecologic  conditions  that  prevailed 
at  that  time. 

FOSSIL  LOCALITIES  AND  LISTS  OF  SPECIES. 

Locality     unknown. — Under     the     heading 

'^hard,  shaly,  fine-grained  whitish  sandstone/' 

Lesquereux^^    enumerated    the    species    listed 

below  and  continued: 

About  the  same  consistence  and  color  as  the  sj>ecimen9 
from  Carbon  station.  The  precise  locality  is  unknown, 
the  labels  having  been  lost  or  forgotten. 

However,  in  Lesquereux's  ''Tertiary  flora''  ^^ 
•  all  these  species  are  referred  without  question 
to  the  Green  River  formation. 

Cyp>erus  chavannesi  Heer. 
Populus  arctica  Heer. 
Ficus  multinervis  Heer. 
Ficus  lanceolata  Heer. 
Ficus  arenacea  n.  sp. 
Ficus  gaudini  n.  sp. 
Platan  us  sp. 
Cinnamomum  sp. 

These  species  of  Ficus  have  been  subse- 
quently identified  only  in  older  rocks,  such  as 


«i  Lesqucreux,  Leo,  U,  S.  Geol.  and  Geog.  Survey  Terr.  Ann.  Rept.  for 
1871,pf).  300,  301,  1S72. 
«  U.  S.  Geol.  Sun-ey  Terr.  Rept.,  vol.  7,  pp.  194,  laS,  1878. 
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the  Mesaverde  and  *' Laramie. "  There  is 
absolutely  no  warrant  for  calling  them  Green 
River,  and  they  are  a^nsequently  dropped 
from  this  flora. 

Alkali  sta^e  siatwn,  Wyo. — In  1874  Lesque- 
reux"  described  the  following  species  from 
Alkali  stage  station,  on  the  Sweetwater  road, 
about  30  miles  north  of  Green  River  station  on 
the  Union  Pacific  Railroad: 

Alnites  unequilateralis  n.  sp. 
Juglans  alkalina  n.  sp. 
Carpites  vibumi  n.  sp. 

Lesquereux  was  uncertain  as  to  the  age  of 
these  species  but  finally  concluded  that  they 
were  probably  of  the  same  age  as  the  plant  beds 
at  Black  Buttes,  Wyo.  Although  the  locality 
has  not  been  revisited  it  has  usuallv  been 
classed  as  of  Green  River  age. 

Mouth  of  White  River  and  west  of  Green  River 
station^  Wyo, — In  1874,  under  the  caption 
*'New  species  of  Tertiary  fossil  plants  briefly 
described, '^  Lesquereux^*  enumerated  the  fol- 
lowng  Green  River  species: 

1.  Lygodium  dentoni  n.  sp. 

2.  Myrica  ludwigii  Schimper. 

3.  Quercus  haidingeri  Ettingehaiisen. 

4.  Ficus  wyomingiana  n.  sp. 

5.  Ciflsus  parrottiaefolia  n.  sp. 

6.  Phaseolites  juglan<linus?  Heer. 

7.  Leguminofdtes  alternans  n.  sp. 

8.  Sapindus  dentoni  n.  sp. 

9.  Lomatia  microphylla  n.  sp. 

Nos.  1,  2,  6,  7,  8,  and  0  were  collected  by  Wil- 
liam Denton  at  the  mouth  of  White  River, 
which  empties  into  Green  River.  Nos.  3,  4,  and 
5  were  found  west  of  Green  River  station. 

Oreen  River  station,  Wyo. — In  1872  Les- 
quereux" published  a  paper  entitled  ^'An 
enumeration  with  descriptions  of  some  Tertiary 
fossil  plants  from  specimens  procured  in  the 
explorations  of  Dr.  F.  V.  Hayden,  in  1870." 
Under  the  caption  *' Green  River,  above  the 
fish  beds,  "  he  enumerated  the  following  forms: 

Hemitelites  torelli  Heer? 

^Vnindo  g()ppcrti  Mun.ster. 

Phrag mites  oeningensis  Al.  Braun. 

Junrus  sp. 

Salix  angusta  Al.  Braun. 

Salix  media  Al.  Braun. 

*•  Lesquereux,  Leo,  U.  S.  Geol.and  Oeog.  Survey  Terr.  Aim.  Rept.  for 
1874,  pp.  307,  308,  1876. 

**  Idem,  pp.  308-315;  also  V.  S.  (Jeol.  and  Geog.  Sun-ey  Terr.  Bull..  2d 
ser..  No.  6,  pp.  382-388,  Jan.  8.  1S76. 

**  U.  S.  Geol.  Survey  Terr.  Fifth  Ann.  Rept.,  for  1871,  Suppl.,  pp.  5-9, 
22,1872. 


Salix  sj>. 

M>Tica  nigric'uas  n.  sp. 

M\Tica  salicina  T'ngor. 

Quercus  lonchitin  linger. 

Firus  populina  I  leer. 

Ficus  ungeri  n.  sp. 

Cinnamomum  srheurhzeri  Reef. 

EucalyptiLs  americanus  n.  sp. 

Ampelopsis  tertiaria  n.  sp. 

Ilex  aifinis  n.  sp. 

Ilex  stenophylla  TJnger.     [Excludwl.] 

CeanothiLs  cinnamomoides  Lesquereux. 

Rhus  acuminata  n.  sp. 

Juglans  schimperi  n.  sp. 

Juglans  acuminata  Ilecr? 

Juglans  denticulata  Heer? 

In  the  same  year,  under  the  caption  *' Green 
River  group,  high  on  hills  from  river,"  Les- 
quereux enumerated  the  following  species : 

Ceanothus  cinnamomoides  I^iosquereux. 
Carya  heerii  Kttingshausen. 

In  tlie  "Tertiary  flora"  (p.  277)  Lesquereux 
states  that  Ceanothus  (or  Zizyphus)  cinnamo- 
moides came  from  ^' Green  River  station,  Wyo., 
above  the  fish  beds  with  Ampelopsis  tertian 
ria,^^  It  was  collected  by  F.  V.  Hayden  and 
is  preserved  in  the  United  States  National 
Museum  (No.  431). 

Bridger  Pass  ( ?)  and  Washakie  station^  ^^yo. — 
In  the  **  Tertiary  flora"  Lesquereux  enumerates 
three  species  as  having  come  from  Bridger  Pass, 
Wyo. ,  as  follows : 

Laurus  utahensis  Lesquereux  (p.  216). 

Aralia?  gracilis  (licsquereux)  Lesquereux  (p.  236). 

RhamniLs  intermedius  Lesquereux  (p.  282). 

On  referring  to  the  place  of  original  descrip- 
tion it  appears  tliat  Aralia  f  (jradlis  (or  Liquid- 
amhar  gracile,  as  it  was  first  called)  and  Rhamr- 
nus  interim  dins  are  recorded  by  Lesquereux  *• 
as  having  come  from  ''Washakie  station,  near 
Bridger  Pass."  Laurus  utahensis  was  de- 
scribed as  new  in  the  ''Tertiary  flora''  and  was 
said  to  have  come  from  Bridger  Pass,  **  in  con- 
nection with  Araliopsi.^  [error  for  Aralia]  gra- 
cilis and  Popuius  arctica.^^  Both  these  species 
are  found  at  Washakie  station,  and  with  little 
doubt  the  species  of  iMurus  was  also  found 
there. 

From  this  evidence  it  seems  reasonably  cer- 
tain tliat  the  three  species  above  mentioned 
did  not  come  from  Bridger  Pass,  but  from  Wa- 
shakie station,  which  is  about  12  miles  west  of 
'  Bridger  Pass.     Tlie  improbability  of  their  hav- 

M  lesquereux,  Leo,  U.  9.  Geol.  and  Geog.  Survey  Terr.  Ann.  Bept. 

for  1871,  p.  286,  1872. 


REVISION   OF  THE  FLORA  OF  THE  GREEX  RIVER  FORMATION. 


139 


ing  come  from  Bridger  Pass  is  further  empha- 
sized by  the  fact  that,  according  to  Ball,"  tlie 
rocks  in  the  pass  are  referred  to  the  Mesaverde. 
On  the  other  hand,  Washakie  station  is  in  an 
area  in  BalFs  ''upper  coal  group, '^  which  in- 
cludes ''Upper  Laramie,"  Fort  Union,  and 
basal  Wasatch.  As  there  is  no  indication  by 
Lesquereux,  or  by  Hayden,  who  collected  these 
plants,  as  to  where  they  came  in  the  local  sec- 
tion, it  is  absolutely  impossible  to  place  them 
until  they  are  again  collected  from  beds  of 
known  position.  To  refer  them  to  the  Green 
River  formation  is  not  warranted,  and,  at  least 
for  the  present,  they  are  excluded  from  this 
flora. 

Green  River,  Wyo,  (plants  described  hy  J.  S. 
Newberry), — In  1883  Newberry"  named  and 
gave  preliminary  descriptions  of  the  following 
species : 

Acrostichum  hesperium. 

Pecopteria  (Phcgopt<?ris)  scpulta. 

Sabal  powellii. 

Manicaria  haydenii. 

Quercus  castanoides. 

Juglans  dentata. 

Juglans  occidentalis. 

Plancra  variabilis. 

Planera  nerv'osa. 

Zizyphus  long:ifolia. 

Andia  macrophylla. 

In  1898  Newberry '*  described  and  figured 
the  plants  enumerated  in  the  preceding  paper 
under  the  following  names : 

Lygodium  kaulfussii. 

Acrostichum  hesiK'rium. 

Pecopteris  (Cheilanthes)  sepulta. 

Equisetum  wyomingense. 

Sabal  powellii. 

Manicaria  haydenii. 

Juglans  occidentalis. 

Salix  anguflta? 

Quercus  castanoides. 

Planera  nervosa. 

Planera  variabilis. 

Ziz^-phus  lonj5:i folia. 

Alalia  macrophylla. 

Xordenskioldia  borealis. 

Colorado  localiHes  (collfcfions  of  D.  E.  Win- 
chester),— The  collections  of  D.  E.  Winchester 
include  the  species  listed  below. 

Yellow  sandstone  of  'UpiHjr  Green  River,"  on  Grease- 
wood  Creek,  40  miles  west  of  Meeker,  Rio  Blanco  County, 
CJolo.  (Winchester  7379V 

Andia  wyomingensis  Knowlton  and  Cockeroll. 

«  Ball,  M.  W.,  U.  S.  Geol.  Survey  Bull.  341,  pi.  1.3,  1909. 
»  U.  S.  Nat.  Mus.  Proc.,  vol.  5,  pp.  502-514,  1883. 
»  Later  extinct  floras  of  North  America:  U.  S.  Geol.  Survey  Mon.  35, 
1896. 


Green  River  oil  shale,  Cathedral  Bluff,  Little  Tommies 
Draw,  20  miles  west  of  Rio  Blanco  post  office,  Rio  Blanco 
Coimty,  Colo.  (Winchester  7399): 

Caenomyces  eucalpytae  n.  sp. 

Myrica  sp. 

Pimelea  spatulata  n.  sp. 

Sedum?  hesperium  n.  sp. 

Eucalyptus?  americanus  Lesquereux. 

Carpi tes  inquirenda  n.  sp. 
Green   River  oil  shale,    Greasewood  Creek,   40  miles 
southwest  of  Meeker,  Rio  Blanco  County,  Colo.  (Winches- 
ter 7381-: 

Caenomyces  sp. 

Danaea  coloradenais  n.  sp. 

Pontederites  hesperia  n.  sp. 

Salix  sp. 

Myrica  minuta  n.  sp. 

Myrica  praedrymeja  n.  sp. 

Comptonia?  anomala  n.  sp. 

Oreodaphne  viridiflumensis  n.  sp. 

Sapindus  ^^inchesteri  n.  sp. 

Rhus  n.  sp, 

Zizyphus  longifolia  Newberry. 

Sambucus?  winchesteri  n.  sp. 

Carpolithes  caryophylloides  n.  sp. 
Green  River  oil  shale,  Little   Duck  Creek,  50  miles 
southwest  of  Meeker,  Rio  Blanco  County,  Colo.  (Winches- 
ter 7381a): 

Dalbergia  retusa  n.  sp. 

Sophora  coloradenais  n.  sp. 

Mimosites  coloradensis  n.  sp. 
Green* River  oil  shale,  Cathedral  Bluff,  20  miles  west  of 
Rio  Blanco  post  office,  Rio  Blanco  County,  Colo.,  in  sec. 
33,  T.  4  S.,  R.  100  W.  (Winchester  7382): 

Lygodium  kaulfussii  Heer. 

Salix  linearis  n.  sp. 

Salix  longiacuminata  n.  sp. 

Juglans  winchesteri  n.  sp. 

Dalbergia  viridiflumensis  n.  sp. 

Eucalyptus?  americana  Lesquereux. 

Phyllites  winchesteri  n.  sp. 
Green  River  oil  shale,  Camp  Gulch,  25  miles  northwest 
of  De  Beque,  Colo.  (Winchester  7384): 

Achaenites  cichorioides  n.  sp. 
Green  River  oil  shale,  head  of  trail  up  ridge  between 
Carr  and  Bushy  creeks,  25  miles  northwest  of  De  Beque, 
Colo.  (Winchester  7386): 

Eucalyptus?  americana  Lesquereux. 
Green  River  oil  shale,  head  of  Carr  Creek,  30  miles 
northwest  of  De  Be<iue,  Colo.  (Winchester  7387): 

Myrica  sp. 

SPECIES  EXCLUDED  FROM  GREEN  RIVER  FLORA. 

The  following  species  have  been  dropped 
from  the  Green  River  flora  for  the  reasons 
stated : 

Acer  sp.  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey  Terr. 
Ann.  Rept.  for  1871,  p.  286,  1872. 

From  Barrel  Springs,  Wyo.;  not  afterward  recog- 
nized by  Lesquereux. 

Aralia  gracilis  (Ivcsquereux)  Lesquereux,  U.  S.  Geol.  Sur- 
vey Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  236,  pi.  39, 
fig.  1,  18,    78. 
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Liquidambar  gracile  Lesqueieux,  U.  S.  Geol.  and  Goog. 
Survey  Terr.  Ann.  Rept.  for  1871,  p.  287,  1872. 

From  Bridger  Pass,  Wyo.,  hence  excluded.  (See 
p.  138.) 

Arundo  gdpperti  Mdnster.  Lesquereux,  U.  S.  Geol.  and 
(jeog.  Survey  Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  5, 
1872;  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary 
flora),  p.  86,  pi.  8,  figs.  1^5. 

This  species  is  rejected  from  the  Green  River  flora 
and  probably  should  not  be  recognized  in  North 
America.  In  the  *'  Tertiar>'  flora  "  Lesquereux  figured 
three  specimens  that  he  referred  to  this  species.  Of 
these  only  one,  the  original  of  his  Plate  VIII,  figure  3, 
is  now  preserved  in  the  United  StaU^s  National 
Museum  (No.  95),  and  is  before  me.  It  is  fully  8 
centimeters  wide,  nearly  three  times  the  size  of  the 
largest  specimen  figured  by  Heer,^  and  is  very  unlike 
Heer's  figure  in  appearance.  It  is  marked  with 
numerous  fine  longitudinal  veins  or  lines,  and  at 
fairly  regular  interv'als,  about  1  centimeter  apart,  are 
stronger  lines  or  folds.  It  may  be  a  large  leaf  of 
Cyperaoites  or  possibly  a  palm  leaf.  It  is  too  indefinite 
to  be  identified. 

Blechnum  gdpperti  Ettingshausen.  Lesquereux,  U.  S. 
Geol.  and  Geog.  Siu^ey  Terr.  Ann.  Rept.  for  1871, 
p.  283,  1872. 

From  Henry's  Fork,  Utah:  not  again  referred  to  by 
Lesquereux. 

Carya  heerii  (Ettingshausen)  Heer.     Ix»squereux,   U.  S. 
Greol.  and  Geog.  Survey  Terr.  Ann.  Rept.  for  1871, 
p.  289,  1872. 
Not  afterward  recognized  by  Lesquereux. 

Cinnamomum  Bcheuchzeri  Heer.  Lesquereux,  U.  S.  Geol 
and  Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  Suppl., 
p.  7,  1872. 

Concerning  this  species  lesquereux  said:  *'I  refer 
to  this  species  two  leaves  of  Cinnamomum,  one  ol 
which  is  contracted  above  the  base,  as  in  some  forms 
of  C.  buchi  Heer;  the  other  narrower,  like  a  variety 
of  C.  lanceolata  Heer.  Both  specimens  are  incomplete 
and  have  the  nervation  of  C.  scheuchzeri,  as  represented 
in  many  specimens  from  other  localities  of  our  Ter- 
tiary." This  species  was  not  again  alluded  to  as  a 
meml)er  of  the  Green  River  flora,  and  the  two  leaves 
were  probably  transferred  to  some  other  sixries,  ])ut 
of  this  there  is  no  record;  they  are  not  now  known  to 
be  in  existence. 

Cypentes  deucalionis  Heer.     Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  p.  28-3,  1872. 
From  Barrel  Springs,  Wyo.;  not  afterward  referred 
to  by  Lesquereux. 

Cyperus  hraunianusl  Heer.     Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  p.  285,  1872. 
From   Barrel    Springs,  Wyo.;  not  afterward  men- 
tioned by  Lesquereux. 

Cyperus  charanensis  Heer.     Lesquereux,  U.  S.  Geol.  and 

Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  p.  300,  1872. 

Not  from  the  Green  River  formation.     (See  p.  137.) 

Equisetum  haydenii  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1871,  p.  284,  1872:  U.  S. 
Geol.  Survey  Terr.  Rept.,  vol;  7  (Tertiar\'  flora),  pi. 
6,  figs.  2-4,  1878. 

*>Heer,  Osv?]3,  Flora  tertlaria  Helvetiae,  vol.  1,  pi.  23,  fg.  1.  1854. 


Ficus  arenacea  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1871,  p.  300, 1872. 
Not  from  the  Green  River  formation.    (See  p.  137.) 

Ficus  gaudini  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1871,  p.  200, 1872. 

Not  from  the  Green  River  formation.    (See  p.  137.) 

Ficus   lanceolata  Heer.     Lesquereux,    U.    S.   Geol.    and 

Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  p.  300,  1872. 

Not  from  the  Green  River  formation.    (See  p.  137.) 

Ficus  multinerris  Heer.     Lesquereux,  U.  S.  Geol.  and 

Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  p.  300,  1872. 

Not  from  the  Green  River  formation.    (See  p.  137.) 

Ficus  populina  Heer,  Flora  tertiaria  Helvetiae,  vol.  2,  p. 
G6,  pi.  85,  figs.  1-7;  pi.  86,  figs.  1-11,  1856;  Lesque- 
reux, U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann. 
Rept.  for  1871,  Suppl.,  p.  6,  1872. 

Ficu^  populina  was  characterized  by  Heer  from 
specimens  obtained  in  the  Swiss  Miocene.  A  numb^*  * 
of  leaves  from  the  Green  River  formation  were  iden- 
tified by  Lesquereux  with  Heer's  species,  although  he 
states  that  thev  show** some  marked  differences," 
such  as  being  obtuse  rather  than  long  and  acutely 
p>ointed,  having  the  veins  nearer  the  borders,  and  hav- 
ing the  marginal  teeth  pointed  rather  than  round. 
There  is  a  great  deal  of  variation  in  the  size  and 
appearance  of  the  forms  referred  to  Ficus  populina  by 
Heer,  and  as  Lesquereux  did  not  specify  the  par- 
ticular forms  he  regarded  as  most  like  those  he  had 
from  Green  River  there  is  no  way  of  telling  where  he 
later  referred  them.  This  species  will  have  to  be 
excluded  from  the  Green  River  flora. 

Geonomites  goldianus   (Lesquereux)   Lesquereux,   U.    S. 
Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  p. 
115,  pi.  9,  fig.  9,  1878. 
Wrong  identification. 

Palmacites  goldianus  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1874,  p.  311,  1875. 
From  Barrel  Springs,  Wyo. 

Uemiielites  torrelli  Heer?     Lesquereux,  U.  S.  GeoL  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  5, 
1872. 
Not  afterward  referre<l  to  by  Lesquereux. 

Ilexdissimilis  Lesquereux,  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  7  (Tertiar>^  flora),  p.  271,  pi.  50,  figs.  7-9,  1878. 

Thia  species  eomes  from  Sage  Creek,  Mont.,  in  beds 
of  doubtful  age.  There  seems  no  longer  any  \'alid 
reason  for  including  this  in  the  Green  River  formation, 
even  with  a  question,  and  it  is  excluded. 

Ilex  stenophylla  Unger.     Lesquereux,  U.  S.  Geol.  and  Greog. 
Survey  Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  8,  1872. 
Not  afterward  mentioned  by  Lesquereux  in  connec- 
tion with  the  Green  River  flora. 

Julians  acuminata  Heer?  Lesquereux,  U.  S.  Geol.  and 
Geog.  Sur\'ey  Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  8, 
1872. 

Lesquereux  compares  his  Green  River  leaf  with  a 
peculiar  form  of  Juglans  acuminata  from  the  Swiss 
Miocene,  but  as  he  did  not  afterward  allude  to  it  in 
this  connection  it  was  probably  placed  under  some 
other  form  without  record  of  such  transfer. 

Juglans  dentata  Newberr>%  L".  S.  Nat.  Mus.  Proc.,  vol.  5, 
p.  507,  1882  [1883]. 

Although  this  species  was  described  by  Newberry 
it  was  e^'idently  merged  with  some  other  species  in  the 
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fonnal  publication  of  the  "Later  extinct  floras,"  but 
just  which  one  can  not  be  determined.  Ilollick,  who 
edited  this  work  of  Newberry's,  states  that  ho  could 
find  neither  specimen,  figure,  nor  manuscript  relating 
to  it,  so  it  would  best  be  dropped. 
Laurus  ulahensis  Lesquereux,  U.  S.  Geol.  Survey  Terr. 
Rept.,  vol.  7  (Tertiar>'  flora),  p.  216,  1878. 

Said  to  have  come  from  Bridger  Pass,  Wyo.,  but  the 
locality  is  uncertain,  hence  it  is  best  excluded  from 
the  Green  River  flora.  (See  p.  138.) 
Leguminosites  lesquereuxiana  Knowlton,  U.  S.  Geol.  Sur- 
vey Bull.  152,  p.  131,  1898;  Mon.  32,  pt.  2,  p.  730,  pi. 
79,  fig.  4,  1899.  [See  below.] 
Leguminosites  cassioides  Lesquereux,  U.  S.  Geol.  Surv^ey 
Terr.,  Rept.,  vol.  7  (Tertiary  flora)  p.  300,  pi.  59,  figs. 
Ir4, 1878.    [Homonym ;  replaced  by L.  lesquerevjiarui.'] 

It  seemB  probable  that  this  species  would  best  be 
excluded  from  the  Green  River  flora,  for  although  Les- 
quereux states  that  three  of  the  figured  types  were 
obtained  above  the  fish  beds  at  Green  River,  thev 
are  not  to  be  found  with  the  other  material  from  this 
locality  that  is  preserved  in  the  United  States  Na- 
tional Museum,  and  their  present  location  is  unknown. 
The  other  type  is  from  the  supposed  Livingston  forma- 
tion of  the  Bozeman  coal  field,  Mont.  As  this  species 
has  not  subsequently  been  found  in  the  Green  River 
formation,  it  is  excluded,  at  least  for  the  present. 
Magnolia  sp.  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1871,  p.  287,  1872. 

Thifl  is  stated  to  have  come  from  Washakie  station, 
Wyo.,  but  as  it  was  not  afterward  referred  to  by 
Lesquereux  it  should  be  dropped. 
Myrica   stvderif     Heer.     Lesquereux,  U.   S.   Nat.   Mua. 
Proc.,  vol.  10,  p.  38,  1887. 

The  locality  for  this  specimen  is  supposed  to  be 
White  River,  Wyo.,  but  it  is  so  uncertain  and  the 
specimen  Ib  so  obscure  that  it  is  here  excluded  from 
the  Green  River  flora. 
Phaseolites  juglandinusf  Heer.  Lesquereux,  U.  S.  Geol. 
and  Geog.  Survey  Terr.  BuD.,  vol.  1,  p.  388.  1875 
[1876]. 

Undoubtedly  an  error  for  PhylliUs  jugUindinus 
Heer,  as  no  record  can  be  found  in  Heer  of  the  com- 
bination given  by  Lesquereux.  This  species  was 
described  by  Lesquereux  from  material  collected  near 
the  mouth  of  White  River,  Wyo.,  but  it  was  not 
afterward  referred  to  and  was  probably  merged  >*'ith 
some  other  form,  without  record  of  its  transfer.  It 
is  consequently  dropped  from  the  Green  River  flora. 
Poaeites  laevis  Al.  Braun.  Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  p.  285,  1872. 

From  Barrel  Springs,  Wyo. 
PojnduB  arctica  Heer.    Lesquereux,  \J.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1871,  p.  300,  1872. 

Not  from  the  Green  River  formation.    (See  p.  137.) 
Qtiarcus  hnchitis  Unger.     Lesquereux,  U.   S.  Geol.  and 
Geog.   Survey  Terr.   Ann.    Rept.   for  187 1,    Suppl., 
p.  6,  1872. 

This  species  was  identified  by  Lesquereux  in  a 
collection  of  plants  from  Green  River  but  wavS  never 
figured  and  is  now  lost  or  merged  with  some  other 
form;  it  has  not  since  been  identified  with  American 
material.  It  was  not  mentioned  by  Lesquereux  in 
the  ''Tertiary  flora." 
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Rhamnus  u^ashakiensis  Cockerell,  Am.  Mus.  Nat.  Hiat. 
Bull.,  vol.  24,  p.  74,  1908.    [See  below.] 

Rhamnus  intermeditis  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1871,  p.  286, 1872;  U.  S. 
Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora), 
p.  282,  pi.  54,  fig.  3,  1878.  [Homonym,  Steudel  and 
Hockstetter.  1827;  replaced  by  R.  washakiensii.] 

This  species  rests  on  the  single  type  specimen  as 
figured  by  Lesquereux  (U.  S.  N.  M.  No.  447).  It  is 
a  rather  nondescript  oblong-elliptical  leaf,  about  6 
centimeters  long  and  a  little  less  than  2  centimeters 
wide,  %vith  a  strong  midrib  and  about  16  pairs  of  cloee, 
parallel  camptodrome  secondaries.  This  species 
si^oms  to  approach  most  closely  Rhamnus  obovatus 
Lesquereux,'*  a  species  of  somewhat  doubtful  age  but 
distinguished  by  its  obovate  instead  of  elliptical 
outline.  More  material  might  bring  them  closer  to- 
gether, but  for  the  present  they  are  best  kept  apart. 
From  Bridger  Pass,  Wyo..  and  hence  excluded  from 
the  Green  River  flora.    (See  p.  138.) 

Sequoia  heerii  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1871,  p.  290,  1872;  U.  S.  Geol. 
Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  77, 
pi.  7,  figs.  11-13,  1878. 

This  species  was  described  as  coming  from  *'Sage 
Creek,  Mont.,"  a  locality  that  has  not  since  been 
found;  hence,  of  course,  it«  age  is  in  doubt.  Sequoia 
heerii  has  been  subsequently  identified  in  the  upper 
part  of  the  Clamo  formation  of  Oregon,  the  Kenai 
formation  of  Alaska,  and  the  Lance  formation  of 
Montana  and  Wyoming.  It  has  not  been  reported 
from  any  Green  River  locality,  and  the  manner  in 
which  it  came  to  be  even  tentatively  accredited  to 
this  formation  is  unknown. 

Zanthoxylon  juglandinumf-  Al.  Braun.  Lesquereux,  U.  S. 
Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  294, 
pi.  58,  fig.  10,  1878. 

This  species  comes  from  Washakie,  Wyo.,  from  beds 
whose  position  is  not  definitely  settled  as  in  the  Green 
River  formation;  hence  it  is  excluded. 

SYNONYMS  AND  CHANGES  OF  NAMES. 

Acer  indivisum  T..esquereux =^c«r  lesquereuxii  Knowlton. 

Alnites  inaequilateralis  JjeaqueTe\ix=iPlanera  inatquilater" 
alis. 

Alnus  inaequilateralis  LeBquerenx^ Planera  inaequilater- 
alis. 

Ampelopsis  tertiaria  I^esquereux  =sPart^«nocis«u«  tertiaria. 

Apocynophyllum  scudderi  LeBquere\ix=Eucalyptusf  am^ri- 
cana. 

Aralia  macrophylla  'SewheTTy=Aralia  wyomingensis. 

Ceanothus  cinnamomoides  lieequereMX^Zizyphta  cinna- 
inomoides. 

Juglans  denticulata  Heer.     Lesquereux =/u^Zan«  crossii. 

Juglans  occidentalis  Ne  wberry  (part) =Carpii<»  newberryana, 

Juglans  schimperi  Lesquereux  (psLet)  —  Juglans  ocddentalis, 

Lygodxum  neuropteroidcs  Lesquereux =Lt/^0(/tU7n  kaulfussii 

Myrica  i\igricans  Le8(|uereux=/?/iM«  nigricans. 

Pecopteris  sepidta  Newberry =0«wiundaf  sepulta. 

Planera  variabilis  Newberry  (part)  =  PZa7i^a  inaequilater- 
alis. 

1  Lesquereux,  Leo,  U.  S.  Geol.  Sun-ey  Terr.  Rept.,  vol.  7  (Tertiary 
flora),  p  281,  pi.  54,  figs.  1,  2,  1878. 
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QuercuB  castaneoides  Newberry =^M^ru«  castaneop»is. 
Rhus  acuminata  Le8quereux=i?^i«  lesquereuxii  Knowlton 

and  Cockerell. 
Salix  angusta  Al.  Braun?    Xewberr>'=^iifa/yp^w«f  ameri- 

cana. 
Salix  media  Heer.     Lesquereux,  U.  S.  Geol    and  Geog. 
Survey  Terr.  Ann.  Kept,  for  1871,  Suppl.,  p.  6, 1872= 
Salix  sp. 
Spheria  myricae  l..esqueTeux=Sphaente8  myricae. 
Zizyphus    longifolia     Newbem'    (i>SLrt)=^Zizyphv^    cinna- 

momoides. 

THE  ACCEPTED   GREEN  RIVER  FLORA. 

The  Green  River  flora  as  hero  described  com- 
prises the  following  species: 

Caenomyces  eucalyptae  Knowjton,  n.  sp. 

Caenomyces  sapindicola  Knowlton,  n.  sp. 

Sphaeritee  myricae  (Lesquereux)  Meschinelli. 

Acrostichum  hesperium  Newberry. 

Lygodium  kaulfussii  Heer. 

Lygodium  dentoni  Tieequereux. 

Osmunda?  sepulta  (Newberry')  Knowlton. 

Danaca  coloradensis  Knowlton,  n.  sp. 

Equisetum  wyomingense  Lesquereux. 

Arundo  reperta  Lesquereux. 

Cyperus  chavannesi  Heer. 

Cyperacites  haydenii  (Lesquereux)  Knowlton. 

Geonomites   haydenii    (Newberr>')    Knowlton,    n. 

comb. 
Sabal  powellii  Newberry. 
Flabellaria  florissanti  Lesquereux. 
Pontederites  hesperia  Knowlton,  n.  sp. 
JuncuBsp.  liesquereux. 
Musophyllum  complicatum  Lesquereux. 
Salix  linearis  Knowlton,  n.  sp. 
Salix  longiacuminata  Knowlton,  n.  sp. 
Salix  sp.  Knowlton. 
Salix  sp.  Knowlton. 
Myrica  saliclna  Linger. 
Myiica  minuta  Knowlton,  n.  sp. 
Myrica  praedrymeja  Knowlton,  n.  sp. 
Myiica  ludwigii  Schimper. 
Myrica  sp.  Knowlton. 
Myrica  sp.  Knowlton. 
Comptonia?  anomata  Knowlton,  n.  sp. 
Juglans  occidentalis  Newberry. 
Juglans  schimperi  Lesquereux. 
Juglans  crossii  Knowlton. 
Juglans  alkalina  Lesquereux. 
Juglans  winchesteri  Knowlton,  n.  sp. 
Quercus  ca8taneo})si8  Lesquereux. 
Planera  inaequilatoralis   (Lesquereux)   Knowlton, 

n.  comb. 
Ficus  ungeri  Les(]uereux. 
Ficus  wyomingiana  Lesquereux. 
Ficus  tenuinervis  Lesquereux. 
Lomatia?  microphylla  Lesquereux. 
Oreodaphne  viridiflumensis  Knowlton,  n.  sp. 
Pimelea  spatulata  Knowlton,  n.  sp. 
Brasenia?  antiqua  Newberry. 
Sedum?  hesperium  Knowlton,  n.  sp. 
Amygdalus  gracilis  Lesquereux. 


Dalbergia  \'iridiflumen8is  Knowlton,  n.  sp. 

Dalbergia  retusa  Knowlton,  n.  sp. 

Leguminosites  alternans  Lesquereux. 

Sophora  coloradensis  Knowlton,  n.  sp. 

Mimosites  coloradensis  Knowlton.  n.  sp, 

Ailanthus  longe-petiolata  Lesquereux. 

Sapindus  dentoni  Lesquereux. 

Sapindus  obtusifolius  Lesquereux. 

Sapindus  winchcsteri  Knowlton,  n.  sp. 

Rhus  lesquereuxii  Knowlton  and  Cockerell. 

Rhus  variabilis  (Newberry)  Knowlton,  n.  comb. 

Rhus  nigricans  (Lesquereux)  Knowlton,  n.  comb. 

Rhus  myricoides  Knowlton,  n.  sp. 

Euonymus  flexifolius  Lesquereux. 

Acer  lesquereuxii  Knowlton. 

Ilex?  affinis  Lesquereux. 

Ilex  maculata  Lesquereux. 

Ilex  vyomingiana  Lesquereux. 

Zizyphus  longifolia  Newberry. 

Ziz\'phus  cinnamomoides  (Lesquereux)  Lesque- 
reux. 

Cissus  parrottiaefolia  Lesquereux. 

Parthenocissus  tertiaria  (Lesquereux)  Knowlton, 
n.  comb. 

Eucalyptus?  americanus  Lesquereux. 

Aralia  wyomingensis  Knowlton  and  Cockerell. 

Andromeda  delicatula  Lesquereux. 

Sambucus?  ^vinche8teri  Knowlton,  n.  sp. 

Achaenites  cichorioides  Knowlton,  n.  sp. 

Antholithes  improbus  Lesquereux. 

Carpolithus  caryophylloides  Knowlton,  n.  sp. 

Carpi tes  \'ibumi  Lesquereux. 

Carpi tes  newberryana  Knowlton,  n.  sp. 

Carpi  tee  inquirenda  Knowlton,  n.  sp. 

Phyllites  winchesteri  Knowlton,  n.  sp. 

Phyllites  fremonti  linger. 

Phyllites  coloradensis  Knowlton,  n.  sp. 

Nordenskidldia  borealis  Heer. 

RELATION  OF  GREEN  RIVER  FLORA  TO  OTHER 

FLORAS. 

The  position  of  the  Green  River  formation 
above  the  Wasatch  and  below  the  Bridger  fixed 
its  stratigraphic  horizon  as  approximately  mid- 
dle Eocene.  Hayden  when  he  named  the  for- 
mation made  no  attempt  to  fix  its  position 
definitely  within  the  Tertiary,  though  by  in- 
ference it  fell  within  the  Eocene.  Cope,  who 
first  studied  the  Green  River  fish,  did  not 
venture  more  than  to  place  it  in  the  Eocene, 
because  he  regarded  the  available  data  as 
insufficient. 

Lesquereux,^^  who  was  the  first  to  study  the 
flora  systematically,  placed  these  beds  in  his 
so-called  fourth  group,  which  comprised  a 
"Lower  Green  River''  and  an  "'Upper  Green 
River."     To  the  first  of  these  he  referred  the 


M  Lesquereux,  Leo,  U.  S.  Oeol.  Survey  Terr.  R«pt.,  vol.  7  (Tvtlaiy 
flora),  pp.  314-320,  1878. 
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localities  of  Barrel  Springs  and  Green  River 
station  (above  fish  beds),  Wye,  and  Sage 
Creek,  Mont.,  and  to  the  second  the  locaUties 
Florissant,  Colo.,  Elko,  Nev.,  and  White  River, 
Wyo. 

In  his  final  consideration  of  the  Green  River 
flora  Lesquereux  ^^  referred  all  these  localities 
to  the  Green  River  formation.  For  many 
years  thereafter  the  Florissant  lake  beds  were 
generally  regarded  as  of  Green  River  age,  but 
subsequent  study  had  placed  them  in  the  upper 
Miocene.  The  plants  from  Elko,  Nev.,  have 
not  been  critically  studied  and  revised  in 
recent  years,  but  they  are  probably  slightly 
younger  than  the  Green  River. 

As  pointed  out  in  another  place,  the  locali- 
ties of  Barrel  Springs,  Fort  Bridger,  and  Sage 
Creek  have  been  removed  from  the  Green  River 
formation  on  the  ground  of  uncertainty  as  to 
their  position. 

The  only  described  middle  Eocene  flora  with 
which  the  Green  River  flora  may  be  compared 
is  one  from  the  so-called  Congaree  clay  member 
of  the  McBean  formation  of  the  Claiborne 
group  '*  of  Georgia,  described  by  Berry .'^ 
This  is  a  small  flora  of  only  17  species,  belong- 
ing to  the  following  genera  : 


Acrostichum. 

Anindo. 

Castanea. 

Conocarpus. 

Dodonaea. 

Ficus. 

Malapoenna. 

Mimosites. 

Momiflia. 


Pisonia. 

Pistia. 

Potamogeton. 

Rhizophora. 

Sapindus. 

Sphaerites. 

Terminalia. 

Thrinax. 


The  genera  common  to  these  two  floras  are 

Acrostichuiii.  Mimoeites. 

Anmdo.  Sapindus. 

Ficus.  Sphaerites. 

Although  none  of  the  species  are  held  to  be 
common  to  the  two,  there  are  several  that  are 
evidently  rather  closely  related.  Thus  Acros- 
tichum georgianum  is  regarded  by  Berry  as 
closely  related  to  Acrostichum  hesperium, 
^'diflFering  from  it  in  behig  somewhat  more 
slender  in  habit  and  in  having  straighter  mid- 

»U.  S.  Geol.  Survey  Terr.  Rent.,  vol.  s  (Cretaceous  and  Tertiary 
floras),  pp.  20&-21.\  is*<3. 

»<  Later  more  detailed  work  revealed  the  fact  that  the  deposits  from 
which  this  flora  was  collected  are  of  Jackson  (upper  Ewene)  age  and 
belong  to  the  T  wigps  clay  member  of  the  Barnwell  formation .  See  U.  S. 
Geol.  Survey  Prof.  Paper  120,  pp.  41-77, 1919. 

»» Berry,  E.  W.,  The  Upper  Cretaceous  and  Eocene  floras  of  South 
Carolina  and  Georgia:  U.  S.  Geol.  Survey  Prof.  Paper  M,  pp.  12&-163. 
pis.  24-20, 1914. 


veins  and  less  elongate,  finer  areolation. " 
Arurido  pseudogoeppertif  although  a  mere  frag- 
ment, is  regarded  as  very  similar  to  and  possi- 
bly identical  with  Arundo  repertdy  from  the 
Green  River.  The  only  species  of  Ficus  from 
the  Georgia  locality  is  Ficms  claibomensis.  It 
is  an  oblong-lanceolate  leaf  in  which  very  little 
of  the  nervation  is  preserved  and  is  quite  differ- 
ent from  either  of  the  Green  River  species. 
Mimosites  georgiamu^^  is  certainly  very  similar 
to  Mimosites  coloradensis.  Sapindus  gear- 
giana,  according  to  Berry,  suggests  Sapindus 
angustifolius  and  S,  stellaria^folius,  both  from 
the  Florissant  lake  beds,  but  is  not  particularly 
close  to  any  Green  River  species.  The  Georgia 
species  of  Sphaerites  is  similar  to  Sphaerites 
myricae  from  the  Green  River,  but  all  fossil  leaf- 
spot  fungi  are  so  similar  that  without  the  essen- 
tial organs  it  is  almost  impossible  to  be  certain 
of  identifications. 

The  ecologic  conditions  under  which  this 
Georgia  flora  grew  are  discussed  at  length  by 
Berry,  who  concludes  that  it  was  distinctly  a 
coastal  flora.  The  only  forms  to  which  this 
interpretation  would  not  apply  are  Castanea, 
which  is  an  upland  type,  and  Pistia  and  Pota- 
mogeton,  both  of  which  are  aquatic  but  not 
of  coastal  waters.  All  these  could  have  been 
brought  down  from  higher  land  by  a  stream. 
Concerning  the  others  Berry  says: 

It  is  interesting  to  note  that  the  remaining  12  species 
are  all  plants  of  a  coastal  habitat,  their  modem  represen- 
tatives flourishing  in  the  tidal  nipa  swamps  of  the  Orient, 
in  mangrove  swamps  of  the  Orient  and  Occident,  on  the 
strand  in  beach  jungle,  or  on  the  landward  side  of  coastal 
sand  dunes.  Nearly  all  are  represented  by  forms  found  in 
the  existing  flora  on  the  Florida  keys  or  along  the  shores  of 
peninsular  Florida,  some,  like  Conocarpus ^  flourishing 
equally  well  on  either  muddy  or  sandy  shores.  Every 
species  has  representatives  in  the  American  Tropics. 

The  actual  physical  conditions  Berry  inter- 
prets as  follows : 

The  present  winter  isotherm  in  the  latitude  of  Grove- 
town  [Ga.]  is  approximately  48°  F.  None  of  the  closely 
allied  modern  plants  flourish  north  of  the  winter  isotherm 
of  52°  F.,  and  most  of  them  do  not  occur  north  of  the 
winter  isotherm  of  00°  F.  None  of  the  fossil  forms  except 
possibly  the  Potatnogeton,  the  modem  species  of  which 
range  over  a  great  many  d^rees  of  latitude,  or  the  Cog- 
tmim,  which  likewise  has  a  wide  range,  would  be  expected 
to  occur  outside  the  latitudes  where  what  Schimper  calls 
the  subtropical  or  warm  temperate  rain  forests  are  found. 
Wo  would  expect  the  (^lailx)rae  climate,  at  least  at  low 
elevations  along  the  coast  and  in  proximity  to  the  warm 
Eoc^ene  ocean  current  or  currents,  to  have  l)een  uniformly 
humid,  with  an  annual  rainfall  somewhere  between  150 
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and  200  centimeters.  The  actual  rainfall  could  become  a 
more  or  less  negligible  factor  proWded  the  water  table 
approached  close  to  the  surface  and  the  humidity  was 
high  and  constant.  The  temperature  would  have  to  be 
uniform  rather  than  hot,  judging  by  modem  standanls. 
for  any  degree  of  winter  cold  would  have  been  fatal.  The 
climate  need  not  have  been  tropical,  nor  would  it  be  sur- 
prising if  the  Clailx)me  marine  fauna  failed  to  show 
tropical  forms  or  reef  corals,  for  the  main  factors  which 
would  limit  the  spread  of  a  flora  like  the  one  described 
would  be  uniform  humidity,  ample  rainfall,  and  the 
absence  of  severe  cold. 

As  might  perhaps  be  expected,  there  is  com- 
paratively little  identity  of  species  between  the 
Green  River  flora  and  early  Eocene  floras.  At 
one  time  it  was  thought  that  there  were  several 
'* Laramie '*  species  that  persisted  into  the 
Green  River,  but  as  shown  in  another  place 
this  belief  was  due  to  a  small  collection  of 
obviously  older  forms  for  which  the  locality 
label  had  been  either  ''lost  or  forgotten^*  and 
which  were  wrongly  placed  in  the  Green  River. 

According  to  the  books  the  following  species 
have  been  found  common  to  the  Green  River 
and  Fort  Union  formations: 

Lygodium  kaulfussii. 
Juglans  occidentalis. 
Quercus  castanopsis. 
Ficufl  ungeri. 
Zizyphus  cinnamomoides. 
Andromeda  deli  ca tula. 

The  Fort  Union  flora,  however,  is  much  in 
need  of  critical  revision,  and  it  is  probable  that 
when  this  revision  is  made  it  will  be  found  that 
some  of  these  species  were  misidentified. 

A  single  Green  River  species  {Juglans 
crossii)  has  been  reported  in  the  Hanna  forma- 
tion of  south-central  Wyoming. 

So  far  as  known  no  species  has  been  found 
common  to  the  Green  River  flora  and  those  of 
the  Arapahoe,  Denver,  Raton,  or  Lance  forma- 
tions. One  Green  River  species  (lihys  affinvi) 
has  been  reported  from  the  Wilcox  flora,  but  as 
Berry  seriously  questions  the  identification  it 
can  not  be  considered  of  much  importance. 
Another  Green  River  species  (Ficufi  tenui- 
nervis)  has  been  identified  in  the  lower  part 
of  the  Clarno  formation  of  Oregon,  and  another 
{Sapindus  ohtusifolbis)  in  the  Muscall  (Miocene) 
formation  of  Oregon. 

Although  Lesquereux  referred  tlie  Florissant 
lake  beds  to  the  Green  River  formation,  the 
present  revision  has  shown  only  one  species 
(Amygdalus  (fracilis)  as  common  to  the  two, 
and  even  this  is  open  to  some  question. 


BIOLOGIC  AND  ECOLOGIC  INTERPRETATION  OF 

THE  FLORA. 

Although  the  known  flora  of  the  Green  River 
formation  is  still  rather  small,  it  includes  a  num- 
ber of  species  that  are  of  considerable  biologic 
interest,  and  it  is  perhaps  large  enough  to  per- 
mit the  drawing  of  at  least  tentative  conclu- 
sions regarding  the  climatic  conditions  under 
wliich  it  flourished.  As  already  pointed  out, 
the  great  bulk  of  the  formation  is  almost  if  not 
entirely  unfossiliferous,  but  where  any  fossils 
occur  in  it  they  are  generally  very  abundant. 
Thus,  the  so-called  fish  beds  near  the  town  of 
Green  River  have  yielded  many  thousands  of 
fish  remains,  as  many  as  a  hundred  occurring 
on  a  small  slab.  In  some  layers — ^for  example, 
in  the  layers  just  above  the  fish  beds  that  con- 
tain the  remains  of  palms — the  plant  remains 
are  so  matted  together  as  to  be  individually 
indistinguishable.  In  southwestern  Colorado 
the  fossiliferous  beds  associated  with  the  oil 
shale  contain  a  profusion  of  plant  and  insect 
remains.  As  already  stated,  the  study  of  the 
microscopic  flora  of  the  oil  shale  has  been  only 
partly  completed,  though  suflScient  to  show  the 
presence  of  bacteria,  blue-green  algae,  Proio- 
coccus^  Spirogyra,  saprophytic  fungi,  mosses, 
ferns,  and  various  types  of  seed-bearing  plants. 
Some  of  these — perhaps  all  of  them — but  par- 
ticularly the  algae  appear  to  have  contributed 
to  the  accumulation  of  the  oil  in  the  shale. 
The  algae  are  said  to  occur  in  great  abundance 
and  in  a  very  perfect  state  of  preservation, 
which  would  imply  warm,  rather  shallow  wa- 
ter. The  great  mass  of  amorphous  undifferen- 
tiated vegetable  matter  in  the  oil  shale  indi- 
cates the  action  of  bacteria  in  its  reduction, 
which  could  hardly  have  taken  place  at  depths 
much  exceeding  20  feet.  There  is  little  evi- 
dence of  the  presence  of  moss  plants,  and  the 
presence  of  spores  must  have  been  more  or  less 
fortuitous,  for  the  mosses  are  plants  so  small 
and  inconsequential  that  their  spores  could 
hardly  have  been  much  of  a  factor.  The  moss 
spores,  the  spores  and  sporangia  of  ferns,  and 
the  pollen  of  conifers  must  have  been  blown 
from  adjacent  land,  and  hence  they  give  no 
indication  of  the  depth  of  water  in  which  they 
fell,  nor  of  the  temperature  at  which  they 
grew,  for  it  is  not  possible  from  available  data 
to  identify  the  types  of  plants  that  produced 
them. 
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Turning  now  to  the  plants  described  in  this 
paper,  we  have  at  least  three  distinct  forms  of 
leai-spot  fungi,  occurring  on  three  types  of 
leaves — Myrica,  SapindvSj  and  Eucalyptus. 
They  have  the  same  general  appearance  as 
many  present-day  leaf-spot  fungi,  but  as  their 
spore  characters  can  not  be  made  out  their 
systematic  position  is  subject  to  more  or  less 
question.  Their  requirements  as  to  tempera- 
ture are,  of  course,  the  same  as  that  of  the 
leaves  on  which  they  grew. 

The  ferns  of  the  Green  River  formation  are 
represented  by  five  well-marked  forms,  some 
of  which  are  of  exceptional  interest.  Thus 
Danaea,  although  described  from  a  fragment, 
is  perfectly  authenticated  and  so  far  as  known 
is  the  first  example  of  the  living  type  to  be 
f'ound  fossil.  This  genus  comprises  more  than 
25  living  species,  all  strictly  American,  rang- 
ing from  Cuba  and  southern  Mexico  to  Brazil. 
They  are  terrestrial  ferns  of  rather  coarse  habit, 
xxiostly  2  or  3  feet  in  height,  growing  in  the 
sliade  in  moist  but  well-drained  tropical  val- 
leys and  slopes,  where  the  humidity  is  high 
cuid  constant.  The  fossil  form  seems  to  be 
xxiost  clearly  related  to  a  species  living  on  the 
island  of  Trinidad.  Another  rather  striking 
Green  River  fern  is  Acrostichumj  which  has 
only  three  living  species  living  in  tropical  tidal 
xnarshes  in  both  old  and  new  worlds.  Climb- 
ing ferns  of  the  genus  Lygodium  are  represented 
by  two  nominal  species  in  the  Green  River 
flora.  The  better  known  of  these  is  identified 
3s  Lygodium  Jcaulfussiij  a  form  first  described 
from  specimens  obtained  in  the  Miocene  of 
Thuringia  but  since  widely  known  from  col- 
lections in  Europe  and  this  country.  The 
genus  is  a  large  one  distributed  mainly  in  the 
Tropics  of  both  hemispheres,  especially  in 
coastal  thickets.  The  remaining  fern  of  the 
Green  River  flora  is  referred  with  question  to 
the  genus  Osmunda. 

The  Equisetacae  are  represented  by  a  single 
species  of  Equisetum  that  is  poorly  preserved 
and  can  not  be  of  much  value  in  the  present 
connection. 

With  the  exception  of  some  pollen  grains 
found  in  connection  with  the  oil  shale,  no 
remains  of  conifers  have  been  reported  from 
the  Green  River  formation. 

The  monocotyledons  are  better  represented, 
though  there  is  nothing  very  remarkable. 
There  are  the  usual  nondescript  forms  referred 


to  ArundOf  Cyperus,  and  Cyperadtes,  with  a 
doubtful  species  of  Juncus,  The  most  im- 
pressive things  are  the  palms,  of  which  there 
are  three  nominal  forms  referred  to  different 
genera,  though  more  complete  material  may 
change  certain  of  these  references.  The  species 
of  Oeonomites  and  Sabal  are  very  rare — in  fact^ 
are  known  only  from  the  type  material — but 
the  form  referred  to  FlaheUaria  was  very 
abundant  at  one  locality  and  of  large  size. 
The  leaves  are  so  matted  together  that  it  is 
impossible  to  get  them  out  whole,  but  from 
many  fragments  studied  the  conviction  growa 
that  they  must  have  been  at  least  4  or  5  feet 
in  diameter.  They  had  a  long,  rather  slender^ 
unarmed  petiole. 

The  family  Palmaceae,  which  comprises 
about  150  genera  and  1,000  species,  is  essen- 
tially tropical  and  about  equally  distributed 
in  the  Eastern  and  Western  hemispheres.  At 
the  present  time  the  highest  northern  latitude 
it  reaches  in  Europe  is  about  43°  and  the  high- 
est southern  latitude  about  45°  in  New  Zealand. 
A  few  species  extend  their  range  into  temperate 
regions,  and  some  can  even  endure  a  tempera- 
ture below  32°,  but  they  are  the  exception. 

Palms  were  introduced  at  least  as  early  as 
middle  Cretaceous  time  and  during  the  early 
part  of  the  Tertiary  period  had  attained  a  wide 
range,  occurring,  for  instance,  inGrinnell  Land, 
Spitzbergen  (80°  north),  in  Greenland  (70°), 
and  in  this  countrv  in  Fort  Union  beds  near 
the  mouth  of  the  Yellowstone,  in  the  Puget 
group  of  Oregon  and  Washington,  in  the  Kenai 
formation  and  other  Eocene  beds  of  Alaska, 
in  the  Denver  and  Raton  formations  of  eastern 
Colorado  and  northeastern  New  Mexico,  and 
in  the  Wilcox  group  of  the  Gulf  region. 

The  two  remaining  monocotyledons  are 
Musophyllum^  based  on  large  but  fragmentary 
Mu^aAike  leaves  that  may  or  may  not  be  cor- 
rectly referred  to  the  Musaceae,  and  Pon- 
tederitesy  a  newly  described  form  that  seems 
correctly  interpreted  as  ancestral  to  the  genus 
Pontederia.  The  Pontederiaceae  are  a  small 
American  family  of  5  genera  and  about  25 
species  living  in  warm  and  temperate  regions. 
Pontederm  is  a  variable  aggregation,  by  some 
regarded  as  a  single  species;  others  recognize 
two  species,  one  confined  to  North  America 
and  one  to  South  America;  but  the  latest  view 
inclines  to  the  recognition  of  seven  or  eight 
species.     The  North  American  species   (Pon- 
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tederia  cordata  Linn6),  the  well-known  pickerel 
weed,  ranges  from  Nova  Scotia  to  Minnesota 
and  south  to  Florida  and  Texas.  It  grows 
in  shallow  fresh  water.  The  leaf  of  the  Green 
River  form  is  certainly  very  similar  to  the 
living  form. 

The  Salicales  are  represented  in  this  flora  by 
four  forms  of  Sal  be,  two  of  which  are  so  frag- 
mentary that  they  have  not  been  given 
specific  names.  The  others  are  small,  narrow, 
rather  nondescript  leaves  that  it  is  difficult 
to  place  satisfactorily.  They  appear  to  be 
willow  leaves,  but  their  affinities  are  more  or 
less  doubtful.  Hence  anv  conclusions  as  to 
their  ecologic  conditions  must  be  more  or  less 
tentative. 

The  Myricales  are  represent<^d  by  six  forms 
of  Myrica  and  a  single  anomalous  and  more  .or 
less  doubtful  leaf  referred  to  Comptonia.  The 
five  species  of  Juglans  representing  the  Jug- 
landaceae  are  not  particularly  noteworthy,  nor 
is  the  single  species  of  Quercus  which  represents 
the  Fagaceae.  The  single  species  of  Plaiiera, 
of  the  family  Ulmaceae,  was  a  very  abundant 
plant  in  the  Green  River  and  seems  to  be  very 
well  authenticated.  The  three  species  of  Ficxis 
representing  the  Moraceae  were  not  apparently 
very  niunerous,  but  one  (Ficus  ungeri)  had 
large,  fine  leaves.  The  Proteaceae  are  question- 
ably represented  by  a  single  species  of  Lomatia. 
The  type  specimens  are  lost,  and  the  generic 
reference  is  more  than  doubtful.  They  might 
be  leaflets  of  some  mimosaceous  or  SapindiiS' 
like  form.  To  the  Lauraceae  are  referred  two 
genera  {Oreodaphne  and  Pimelea),  each  with  a 
single  species  and  each  based  on  a  single  speci- 
men. The  species  of  Pimelea  is  rather  closel}'' 
related  to  a  species  from  the  Florissant  lake 
beds.  The  species  of  Braseniay  the  sole 
representative  of  the  N}^nphaeaceae,  seems 
well  authenticated.  Brasinia  is  a  monotypic 
genus  of  aquatic  perennial  plants  found  in 
North  America,  Cuba,  eastern  and  tropical 
Asia,  western  tropical  Africa,  and  Australia. 
The  Crassulaceae  are  doubtfully  represented 
by  a  species  referred  with  question  to  Sedurn, 
but  the  resemblance  may  be  only  superficial. 
The  single  species  of  Amygdalus  is  involved  in 
so  much  doubt  that  it  is  hardly  worth  while 
discussing  its  affinities.  The  Papilionaceae  are 
represented  by  two  species  of  Dalhergia  and  one 
each  of  SopJiora  and  LegumliLOsiteSy  and  the 
lyiimosaceae    by    one    species    of     MimosiUs. 


These  are  all  small,  narrow  leaves  or  leaflets 
and  if  correctly  identified  would  seem  to  indi- 
cate a  moist  lowland  habitat.  The  living 
species  of  these  genera  are  very  numerous  and 
are  widely  scattered  over  the  warmer  parts  of 
both  hemispheres,  being  especially  abundant 
on  all  tropical  seashores.  In  the  order  Gera- 
niales  the  Simarubaceae  are  represented  by  a 
very  well  authenticated  species  of  AilanthuSy 
though  the  connection  between  the  leaf  and 
the  whiged  fruit  may  })e  uncertain.  AUarUhus 
is  not  now  a  native  of  the  Western  Hemisphere, 
the  seven  living  species  being  confined  to 
eastern  Asia  and  the  East  Indies.  They  are 
at  home  in  warm  or  subtropical  temperatures. 
The  order  Sapindales  is  represented  by  sev- 
eral families  in  the  Green  River  flora.  Of 
these  the  ^Vnacardiaceae  claim  four  species  of 
Rhu.s,  This  family  numbers  about  60  genera 
and  450  living  species  of  trees  and  shrubs  and  is 
present  in  the  Tropics  and  subtropics  of  both 
hemispheres,  being  specially  abundant  in  Ma- 
laysia. RJius  is  the  only  genus  of  the  family 
found  outside  the  Tropics.  The  Celastraceae 
are  represented  by  a  suigle  species  of  Euonymus, 
This  genus  has  about  GO  living  species,  widely 
distributed  throughout  the  Northern  Hemi- 
sphere, but  is  most  abundant  in  the  Asiatic 
Tropics  and  in  Japan  and  China.  The  Sapin- 
daceae,  represented  in  the  Green  River  by  four 
species  of  Sapindus,  constitute  a  very  large 
family  of  over  100  genera  and  1,000  species. 
They  are  mostly  confined  to  tropical  or  sub- 
tropical regions.  The  Ilicaceae  comprise  only 
five  genera  and  less  than  200  species.  The 
principal  genus  is  Ilex^  which  is  found  in  nearly 
all  tropical  and  temperate  regions  and  is  repre- 
sented in  the  (freen  River  flora  by  three  species. 
In  the  order  Rhamnales  the  familv  Rham- 
naceuc  includes  }i])()ut  50  genera  and  500  living 
forms,  mainly  of  the  Tropics  but  a  few,  among 
them  liluunnus,  extending  into  temperate 
regions.  The  only  genus  of  this  family  repre- 
sented in  the  Green  River  flora  is  Zizyphus^ 
with  two  well-marked  species.  There  are 
about  40  living  species  of  ZizyphuSj  mainly 
slu'uhs  or  small  trees,  of  warm  temperate 
regions,  with  a  few  in  the  Tropics  of  both  hemi- 
spheres. The  Vitaceae  comprise  about  a 
dozen  genera  and  nearly  500  species,  mainly 
tropical  or  sul)tr()])ical,  though  a  few,  such  as 
T7r/.v,  extend  into  temperate  regions.  Cissus 
is  the  largest  geims,  including  250  species,  all 


REVISION   OF  THE  FLORA   OF  THE  GREEN  RIVER  FORMATION. 


147 


or  nearly  all  tropical.  Inasmuch  as  the  Euca- 
lyptus in  the  Green  River  flora  is  questioned 
Uiere  Is  perhaps  no  necessity  for  going  further 
into  the  history  of  this  family.  The  final 
family  that  needs  to  be  considered  is  the  Arali- 
aceae,  represented  in  the  Green  River  flora  by  a 
very  well-defined  species  of  Aralia.  This  fam- 
ily embraces  about  50  genera  and  over  500 
species,  mainly  tropical,  but  a  considerable 
number  extend  into  temperate  regions,  espe- 
cially in  North  America  and  eastern  Asia. 

The  remaining  forms  are  referred  to  the 
genera  Aniholithes,  CarpolithuSj  Carpites^  Phyl- 
liies,  and  Achaenites  and  need  not  be  further 
discussed.  The  species  of  Achaenrtes  is  note- 
worthy in  that  it  appears  to  indicate  with  much 
certainty  the  presence  of  the  great  group  of 
Compositae. 

From  the  foregoing  account  it  appears  that 
an  overwhelming  preponderance  of  the  living 
forms  in  the  families  represented  in  the  Green 
River  flora  are  inhabitants  of  tropical  or  sub- 
tropical regions,  many  of  them  in  both  hemi- 
spheres, yet  a  considerable  number  include 
either  genera  or  species  that  extend  into  tem- 
perate regions.  There  is  some  evidence  to 
show  that  there  were  at  least  two  ecologic 
provinces  in  Green  River  time.  Thus,  there 
are  a  number  of  the  genera  that  are  of  the  low- 
land type,  such  as 

Lygodium    ' 

Acroetichum 

Danaea 

Osmunda 

Anindo 

CyperuB 

Geonomites 

Sabal 

Flabellaria 

Pontederites 

Mnfiophyllum 

Planera 

Ficufl 

There  are  other  genera  that  seem  to  find  a 
more  congenial  home  on  higher  ground.  These 
are 


Lomatia 

Pimelea   • 

Oreodaphne 

Dalbergia 

Leguminoaites 

Sophora 

Mimosites 

Ailanthus 

Sapindus 

Eucalyptus? 

Aralia 

Brasenia 


Salix 

Acer? 

Myrica 

Zizyphus 

Comptonia? 

Ilex 

JuglanB 

Andromeda 

Quercus 

Saml»ucus? 

Rhus 

This  division  is  not  a  very  satisfactory  one, 
and  the  assignments  may  not  all  be  valid,  but 
there  were  evidently  some  differences  in  the 


conditions  under  which  the  several  elements 
were  found.  The  physical  setting  can  be 
pictured  somewhat  as  follows:  About  the 
shores  of  the  lake  were  certain  flat,  low-lying 
areas,  some  of  them  probably  swampy,  others 
sandy,  whereon  grew  the  palms,  figs,  Lomatia^ 
Oreodaphne,  hackberries,  the  several  papihona- 
ceous  trees  and  shrubs,  the  ferns,  grass,  sedge, 
etc.,  and  in  the  water  the  pickerel  weed.  Bra- 
senia-j  algae,  etc.  On  the  adjacent  somewhat 
higher  land  might  have  been  the  wdllows, 
waxberries,  sweet  fern,  walnuts,  oaks,  simiacs, 
maples  ( ?) ,    hollies,    etc. 

The  conditions  of  temperature  and  moisture 
under  which  the  Green  River  flora  flourished 
are  somewhat  difficult  of  interpretation,  as 
there  is  seemingly  more  or  less  conflict  between 
the  elements  of  the  flora.  The  nearest  living 
relatives  of  certain  of  the  genera  that  are 
beheved  to  have  inhabited  the  lowlands,  such 
as  Lygodium  J  Acrostichurriy  Danaea,  Oeono- 
mites,  Sabalj  Flabellariaj  Musophyllum,  Plarv- 
era,  Ficus,  LornxUia,  Pimelea,  Oreodaphne y  the 
leguminous  genera,  and  possibly  Sapindus, 
Eucalyptus,  and  Aralia,  are  found  mainly  in 
subtropical  or  tropical  areas..  The  palms,  at 
least  one  species  of  which  existed  in  abundance, 
could  hardly  have  lived  where  the  tempera- 
ture fell  below  42°  F.  and  probably  not  even 
where  it  was  considerably  higher  than  this. 
Certain  of  the  other  genera,  such  as  Osmunda^ 
Arundo,  Cyperus,  Aralia,  and  Brasenia,  might 
have  withstood  frost,  for  although  the  species 
of  these  genera  arc  largely  tropical  or  sub- 
tropical they  include  sbecies  that  extend  into 
temperate  regions.  AU  things  considered  it 
seems  probable  that  tliis  lowland  flora  must 
have  required  a  temperature  that  was  at  least 
warm  temperate  and  possibly  bordered  on 
subtropical. 

The  upland  flora,  including  such  genera  as 
Salix,  Myrica,  JugUins,  Quercus,  Rhus,  Acer, 
and  Ilex,  could  well  have  withstood  some 
degree  of  frost,  but  on  the  other  hand  all  these 
genera  contain  species  that  could  find  a  con- 
genial habitat  in  a  warm  temperate  region. 
It  is  doubtful  if  any  of  them  had  to  withstand 
cutting  frosts. 

The  inferences  to  be  drawTi  regarding  the 
climatic  requirements  of  the  insect  faima  are  in 
substantial  accord  with  those  suggested  by  the 
flora.  I  am  informed  by  Prof.  T.  D.  A.  Cockerell 
that  the  knoA\Ti  insect  fauna  of  the  Green  River 
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shales  now  numbers  296  species.     Concerning 
this  fauna  he  says : 

The  really  dominant  and  charac'teristic  insects  of  the 
Green  River  shales,  if  any  such  ran  be  specially  desig- 
nated, are  the  Fulgoridae,  which  have  a  most  distinctly 
tropical  aspect  and  in  many  cases  closely  resemble  lixdne; 
tropical  genera.  The  other  groups  of  insects  do  not  ap- 
pear tropical,  though  one  of  the  dragon-fly  genera  is  closely 
related  to  a  neotropical  one.  The  dragon  flies,  caddis  flies, 
etc.,  indicate  that  there  was  plenty  of  fresh  water,  but  it 
does  not  follow  that  these  breed  in  the  lake. 

Alexander '•  the  well-known  authority  on 
the  crane  flies,  has  the  following  to  say  regard- 
ing the  geologic  history  of  this  group: 

The  North  Ameri(.*an  Eocene  and  Miocene,  as  repre- 
sented by  the  WTiite  River  and  Green  River  be<ls  and  the 
Florissant  shales,  respe<*tively,  give  ex-idence  of  haWng 
had  a  northern  [tipulid]  fauna,  especially  the  Eocene. 
This  is  wtll  shown  by  the  great  development  of  the  Cylin- 
drotominae,  which  in  the  Wliite  River  basin  almost 
dominated  the  crane-fly  fauna  during  the  Eocene.  It 
seems  probable,  moreover,  that  the  group  was  forced 
into  colder  regions  of  the  globe  during  the  Oligocene, 
when  the  tropical  element  reached  far  north.  No  group 
of  crane  flies  that  can  be  considered  tropical  has  yet  been 
found  in  the  Florissant  beds.  On  the  other  hand,  the 
European  Oligocene,  as  shown  by  the  Garnet  Bay  beds  and 
the  lower  Oligocene  Baltic  amber,  has  a  considerable 
tropical  element  apparent. 

From  these  statements  it  appears  that  the 
evidence  of  the  insects  is  practically  the  same 
as  that  of  the  plants^  namely,  they  comprise 
a  certain  element  that  indicates  tropical  sur- 
roimdings,  and  another,  or  others,  that  indi- 
cate cooler,  perhaps  temperate  conditions. 

THE  FLORA. 

Phylum  THALLOPHTTA. 

Class  FUNGI. 

Series  ASCOMYCETES. 

Order  LABOIJLBILIALES. 

Family  LABOULBILIACEAE. 

Qenus  CAENOMYCES  Berry. 

Caenomyces  eucalyptae  KnowUon,  n.  sp. 

Plate  XXXV I,  figures  S,  9. 

I  follow  Berry  in  adopting   Caenomyces  as 

the    generic    name    of    this   leaf-spot   fungus. 

Berry's  description^^  is  as  follows: 

The  presence  of  six)t8  of  different  shapes  on  the  leaves 
of  fos^l  plants  is  exceedingly  coiiimon,  and  a  ver>'  large 

»•  Alexander,  C.  P.,  The  crane  flies  of  Now  York,  pt.  2:  Cornell  T'uiv. 
Agr.  Ezper.  Sta.  Mem.  38,  p.  764, 1920. 
"  Herry,  K.  W.,  U.  S.  cJeol.  Survey  Prof.  Paper  91,  p.  H»2, 1910. 


number  of  so-called  species  of  fossil  leaf-spot  fungi  have 
been  described  by  Ettingshausen,  Heer,  Saporta,  and 
others.  ♦  ♦  ♦  The  identification  of  these  fossil  forms 
obviously  rests  on  a  ver\'  insecure  foundation,  especially 
when  it  is  recalled  that  scale  inset»ts  and  a  great  variety  of 
insect  galls  would  resemble  epiphyllous  fungi  when  pre- 
ser\'ed  on  impressions  of  fossil  leaves.  Nevertheless,  laige 
numbers  of  undoubted  fungi  are  preserved  in  this  manner, 
and  it  is  the  legitimate  duty  of  the  paleobotanist  to 
describe  and  illustrate  them.  In  order  to  accomplish  this 
work  without  unwarranted  definiteness  in  generic  classifi- 
cation, I  propose  the  term  Caenomyces  as  a  form  genus  for 
leaf  spot  fungi  of  Cenozoic  age  whose  precise  botanic  tJEaa- 
ities  can  not  be  determined. 

One  of  the  leaves  of  Eucalyptus?  americanua 
from  western  Colorado  shows  about  twenty 
very  well  preserv^ed  leaf  spots,  apparently 
caused  by  a  fungus.  They  are  circular,  are 
about  1.5  or  2  millimeters  in  diameter,  and 
have  an  outer  black  ring  perhaps  0.05  milli- 
meter in  width  under  which  the  substance 
;  of  the  leaf  has  shrunken.  The  center  of  the 
ring  is  elevated,  and  on  the  top  of  this  in  the 
center  are  several  black  pustules  evidently 
where  the  mature  spores  are  being  or  about  to 
be  discharged. 

The  disposition  and  general  appearance  of 
these  leaf  spots  is  shown  in  figure  8  natural 
size,  and  one  of  the  most  perfect  spots  in 
figure  9,  which  is  enlarged  six  times. 

Occurrence:  Green  River  formation,  on 
leaf  of  Eucalyptus?  americanua  Licsquereux, 
Cathedral  Bluff,  south  of  Little  Tommies 
Draw,  about  .20  miles  west  of  Rio  Blanco 
post  oilice,  Rio  Blanco  County,  Colo.,  collected 
by  D.  E.  Winchester,  1917. 

Caenomyces  sapindicola  Knowlton,  n.  sp. 

Plate  XXXVI,  fijnire  10. 

The  type  leaflet  of  Saplmlus  tHncJiesteri  (PL 
XXXVIII,  fig.  1)  shows  the  presence  of  several 
leaf-spot  fungi.  The  spots  are  circular,  1.5  to 
2  millimeters  in  diameter,  and  some  show  an 
inner  ring  with  a  slightly  raised  central  portion. 
It  is  evidently  not  mature  and  is  so  obscure 
that  it  is  hardly  worthy  of  mention  except  to 
call  attention  to  the  presence  of  fungi  of  this 
general  type  on  Sapindus, 

Occurrence :  Green  River  formation,  on  type 
leaflet  of  Sapindns  unnchesteri  Knowlton, 
oil  shale,  Smith  ranch,  on  Greasewood  Creek, 
about  40  miles  southwest  of  Meeker,  Colo., 
collected  by  D.  E.  Winchester,  1917. 
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Order  SPHAERIALES. 
Family  SPHAEBIACSAE. 
Sphaerites  myricae  (Lesquereux)  Meschinelli. 

SphaerUes  myricae  (Lesquereux)  Meschinelli,  Sylloge  fun- 

gorum  fossilium,  p.  23,  1892. 
Spheria  myricae  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 

Terr.  Ann.  Kept,  for  1872,  p.  390,  1873;  U.  S.  Geol. 

Survey  Terr.  Kept.,  vol.  7  (Tertiary  flora),  p.  34, 

pi.  1,  fig.  4,  1878. 

This  species  was  first  described  from  speci- 
mens collected  at  Black  Buttes,  Wyo.,  where  it 
was  found  on  leaves  of  Myrica  torreyi  Lesque- 
reux. It  was  later  found  at  Green  River, 
Wyo.,  on  leaves  of  Myrica  nigricans  (now  Rhus 
nigricana). 

It  was  described  by  Lesquereux  as  follows: 
"Perithecia  punctiform,  minute,  either  sparse 
or  in  a  circle,  forming  round  spots*'  about  a 
millimeter  in  diameter,  ^*  the  center  of  which  is 
clear  and  of  a  light  color."  It  may  be  the 
same  as  Ca^enomyces  eucalyptae,  described  on 
page  148,  but  as  it  can  not  be  certainly  identified 
with  that  species  it  is  permitted  to  stand  as 
left  by  Lesquereux. 

Occurrence:  Green  River  formation,  Green 
River,  Wyo.,  on  leaves  of  Myrica  nigricans 
Lesquereux.  "Post-Laramie''  (type),  Black 
Buttes,  Wyo. 

Phylum  PTEBIDOPHTTA. 

Class  FILICES. 

Order  FILICALSS. 

Family  POLTPODIACEAE. 

AcrosUchum  hesperium  Newberry. 

Acrostichum  hesperium  Newberry,  U.  S.  Nat.  Mus.  Proc., 
vol.  5,  p.  503,  1882  [1883];  U.  S.  Geol.  Survey  Mon. 
35,  p.  6,  pi.  61,  figs.  2-5.  1898. 

The  illustrated  types  of  this  splendid  fern  are 
all  preserved  in  the  United  States  National 
Museum  (Nos.  7013-701G). 

Occurrence:  Green  River  formation,  Green 
River,  Wyo.,  collected  by  C.  A.  White. 

Family  SCHIZAEACEAE. 

Lygodium  kaulfussii  Heer. 

Plate  XXXVI.  figure  7. 

Lygodium  havlfussii  Heer,  Beitrage  zur  nahem  Kenntniss 

der  sftchsisch-thuringischcn    Braunkohlenflora,    p. 

400,  pi.  8,  fig.  21;  pi.  9,  fig.  1,  1861. 
Newberry,  U.  S.  Geol.  Survey  Mon.  35,  p.  1.  pi.  62. 

figs.  1-4,  1898. 
Knowlton,  U.  S.  Geol.  Survey  Mon.  32,  pi.  2,  p.  672, 

pi.  80,  figs.  1,  2,  1898. 


Lygodium  neuropteroides  Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1870,  p.  384, 
1871;  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7  (Ter- 
tiary flora),  p.  61,  pi.  5,  figs.  4-7;  pi.  6,  Gg.  1,  1878. 

The  genus  Lygodium  is  so  characteristic 
in  shape  and  nervation  that  with  reasonably 
adequate  material  it  is  easily  and)  certainly 
identified.  Its  presence  in  the  Green  River 
formation  was  first  made  known  by  Les- 
quereux, who  described  and  figured  Lygodium 
neuropteroides.  Subsequently  a  very  large 
number  of  very  well  preserved  examples 
were  procured  from  the  Green  River  formation 
by  J.  S.  Newberry.  These  were  identified 
as  Lesquereux's  species,  and,  as  Newberry 
said,  ''They  illustrate  the  growth  of  the  plant 
far  better  than  those  he  figured.  Coming 
all  from  the  same  locality,  indeed  thickly 
impacted  together  and  having  the  same 
nervation,  they  unquestionably  represent  a 
single  species.*' 

Before  Newberry's  account  was  published, 
however,  Gardner'*  published  an  account  of 
British  Eocene  ferns  in  which  he  pointed  out 
the  identity  of  Lesquereux's  Lygodium  neu- 
ropteroides with  Heer's  Lygodium  Tcaulfussii, 
and  this  view  was  accepted  by  both  Les- 
quereux and  Newberry.  Lesquereux  was 
shown  specimens  of  the  true  Lygodium  Jcavl- 
fussii  and  pronomiced  them  ''positively  iden- 
tical" with  his  species  from  the  Green  River 
formation.  If  there  is  any  difference  it  is 
that  the  American  specimens  are  somewhat 
more  robust  and  have  slightly  broader  and  less 
undulate  lobes,  but  the  differences  are  not 
great. 

Newberry'®  also  reported  Lygodium  leaves 
from  Fletts  Creek  and  Carbonado,  Wash. 
[Puget  group],  which,  he  said, 

offer  no  characters  by  which  they  can  be  distinguished 
from  those  found  in  the  Green  River  group,  and  it  seems 
to  me  probable  that  \vv  have  in  all  these  specimens  relics 
of  one  of  those  widoHpread  and  long-lived  species  which 
occur  at  different  geological  horizons  among  both  animal 
and  plant  remains. 

Newberry's  conclusion  has  since  been  verified 
by  the  finding  of  specimens  identified*®  as 
Lygodium  l^aulfussii  on  Elk  Creek,  in  the 
Yellowstone  National  Park,  in  beds  believed 
to  be  of  Fort  Union  age,  and  also  on  the  bank 

M  Gardner,  J.  S.,  British  Eocene  flora,  pt.  1,  Filioes,  p.  47,  pis.  7, 1884. 
» Newberry,  J.  S.,  U .  S.  Geol.  Survey  Mon.  35,  p.  3, 1898. 
<o  Knowlton,  F.  H.,  U.  S.  Geol.  Sur\'ey  Mon.  82,  pt.  2,  p.  872,  pi.  80, 
figs.  1-3,  1896. 
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Liquidambar  gracile  Lcsquereux,  U.  S.  Greol.  and  Greog. 
Survey  Terr.  Ann.  Rept.  for  1871,  p.  287,  1872. 

From  Bridger  Pass,  Wyo.,  hence  excluded.  (See 
p.  138.) 

Arundo  gdpperti  Miinster.  Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  5, 
1872;  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary 
flora),  p.  86,  pi.  8,  figs.  3-5. 

This  species  is  rejected  from  the  Green  River  flora 
and  probably  should  not  be  recognized  in  North 
America.  In  the  ''Tertiary  flora "  Lesquereux  figured 
three  specimens  that  he  referred  to  this  species.  Of 
these  only  one,  the  original  of  his  Plate  VIII,  figure  3, 
is  now  preserved  in  the  United  States  National 
Museum  (No.  95),  and  is  before  me.  It  is  fully  8 
centimeters  wide,  nearly  three  times  the  size  of  the 
largest  specimen  figured  by  Heer,^  and  is  very  unlike 
Heer's  figure  in  appearance.  It  is  marked  vrith 
nimierous  fine  longitudinal  veins  or  lines,  and  at 
fairly  regular  intervals,  about  1  centimeter  apart,  are 
stronger  lines  or  folds.  It  may  be  a  large  leaf  of 
Cyperaciles  or  pKWsibly  a  palm  leaf.  It  is  too  indefinite 
to  be  identified. 

Blechnum  gopperli  Ettingshausen.  Lesquereux,  U.  S. 
Geol.  and  Geog.  Survey  Terr.  Ann.  Rept.  for  1871, 
p.  283,  1872. 

From  Henry's  Fork,  Utah:  not  again  referred  to  by 
Lesquereux. 

Carya  heerii  (Ettingshausen)  Heer.    Lesc^uereux,  U.  S. 
Geol.  and  Geog.  Survey  Terr.  Ann.  Rept.  for  1871, 
p.  289,  1872. 
Not  afterward  recognized  by  Lesquereux. 

Cinnamomum  scheuchzeri  Heer.    Lesquereux,  U.  S.  Geol 
and  Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  Suppl., 
p.  7,  1872. 

Concerning  this  species  Lesquereux  said:  '1  rt^fer 
to  this  species  two  leaves  of  Cinnamomum ^  one  of 
which  is  contracted  above  the  base,  as  in  some  forms 
of  C.  hucM  Heer;  the  other  narrower,  like  a  variety 
of  C.  lanceolata  Heer.  Both  sjK^cimcns  an*  incomj)lete 
and  have  the  nervation  of  ('.  scheuchzen,  as  represented 
in  many  specimens  from  other  localities  of  our  Ter- 
tiary." This  species  was  not  again  alluded  to  as  a 
meml^er  of  the  Green  River  flora,  and  the  two  leaves 
were  probably  transferred  to  some  othor  species,  but 
of  this  there  is  no  record ;  they  are  not  now  known  to 
be  in  existence. 

Cyperites  deucalionu  Heer.     Ix^squereux,  U.  S.  Gt'ol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  p.  285,  1872. 
From  Barrel  Springs,  Wyo.;  not  afterward  referred 
to  by  Lesquereux. 

Cyperus  hraunianus?  Heer.     Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  p.  285,  1872. 
From   Barrel    Springs,  Wyo.;  not  afterward  men- 
tioned by  Lesquereux. 

Cyperus  chavanensi^  Heer.     Lesquereux,  U.  S.  Geol.  and 

Geo%.  Survey  Terr.  Ann.  Rept.  for  1871,  p.  300,  1872. 

Not  from  the  Green  River  formation.     (See  p.  J37.) 

Equisetum  haydenii  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1871,  p.  284,  1872;  U.  S. 
Geol.  Survey  Terr.  Rept.,  vol."  7  (Tertiary  flora i.  pi. 
6,  figs.  2-4,  1878. 

»  Heer,  Osr-"! !,  Flora  tertiaria  Helvetlae,  vol.  1,  pi.  23,  fg.  1, 1854. 


Ficus  arenacea  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1871,  p.  300, 1872. 
Not  from  the  Green  River  formation.    (See  p.  137.) 
Ficua  gaudini  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1871,  p.  200, 1872. 

Not  from  the  Green  River  formation.    (See  p.  137.) 
Ficus  lanceolata  Heer.     Lesquereux,    U.    S.   Geol.    and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  p.  300,  1&72. 
Not  from  the  Green  River  formation.    (See  p.  137.) 
Ficus  multinern^  Heer.     Lesquereux,  U.  S.  Geol.   and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  p.  300,  1872. 
Not  from  the  Green  River  formation.    (See  p.  137.) 
Ficus  populina  Heer,  Flora  tertiaria  Helvetiae,  vol.  2,  p. 
66,  pi.  85,  figs.  1-7;  pi.  86,  figs.   1-11,  1856;  Lesque- 
reux,  U.   S.   Geol.   and  Geog.    Survey  Terr.    Ann. 
Rept.  for  1871,  Suppl.,  p.  6,  1872. 

Ficus  populina  was  characterized  by  Heer  from 
specimens  obtained  in  the  Swiss  Miocene.    A  number 
of  leaves  from  the  Green  River  formation  were  iden- 
tified by  Lesquereux  with  Heer's  species,  although  he 
states  that  thev  show** some  marked  differences," 
such  as  being  obtuse  rather  than  long  and  acutely 
IK)inted,  having  the  veins  nearer  the  borders,  and  hav- 
ing the  marginal  teeth  pointed   rather  than   round. 
There  is  a  great  deal  of  variation  in  the  size  and 
appearance  of  the  forms  referred  to  Ficus  populina  by 
Heer,  and  as  Lesquereux   did   not  specify  the  par- 
ticular forms  he  regarded  as  most  like  those  he  had 
from  Green  River  there  is  no  way  of  telling  where  he 
later  referred  them.    This  species  will  have  to    be 
excluded  from  the  Green  River  flora. 
Geonomites  goldixinus   (Lesquereux)   Lesquereux,   U.    S. 
Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  p. 
115,  pi.  9,  fig.  9,  1878. 
Wrong  identification. 
Palmadtes  goWanus  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1874,  p.  311,  1875. 
From  Barrel  Springs,  Wyo. 
HemU elites  torrelli  Heer?    Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  5, 
1S72. 
Not  afterward  referre<l  to  by  Lesquereux. 
Ilex  dissimilh  Lesquereux,  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  7  (Tertiar>'  llora),  p.  271,  pi.  50,  figs.  7-9,  1878. 

This  speries  comes  from  Sage  Creek,  Mont.,  in  beds 
of  doubtful  age.     There  seems  no  longer  any  %'alid 
rea.son  for  inrlurling  this  in  the  Green  River  formation, 
even  with  a  question,  and  it  is  excluded. 
Ilex  stenophfUa  I  •  nger.     Le8<}uereux,  U.  S.  Geol.  and  Greog. 
Surv-ey  Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  8,  1872. 
Not  afterward  mentioned  by  Lesquereux  in  connec- 
tion with  the  (ireen  River  flora. 
Juglans  acuminata  Heer?     Lesquereux,  U.  S.  Geol.  and 
Geog.  Surv'ey  Terr.  .\nn.  Rept.  for  1871,  Suppl.,  p.  8, 
1872. 

Lesquereux  compares  his  Green  River  leaf  with  a 
peculiar  form  of  Juglans  acuminata  from  the  Swiss 
Miocene,  but  as  he  did  not  afterward  allude  to  it  in 
this  connection  it  was  probably  placed  under  some 
other  form  without  record  of  such  transfer. 
Jughws  dcntata  Newberr>',  L^.  S.  Nat.  Mus.  Proc.,  vol.  5, 
"  p.  507,  1882  [1883]. 

Although  this  species  was  described  by  Newberry 
it  was  e\'idently  merged  with  some  other  species  in  the 
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sre  dimorphous,  with  simply  pimiate  fronds 
(simple  in  one  species)  with  linear  segments 
tearing  parallel  linear  synangia,  each  com- 
posed of  two  rows  of  closely  packed  sporangia 
opening  by  a  terminal  pore.  These  fruiting 
^^haracters  are  so  strongly  marked  that  there 
is  little  difficulty  in  recognizing  a  fossil  form 
Ihat  is  adequately  preserved. 

The  species  here  described  is  not  only  the 

:£rst  North  American  fossil  form  to  be  made 

inown,   but  it  is  apparently  the  only  fossil 

■species  thus  far  described  from  any  part  of  the 

^world  that  is  reasonably  authenticated.     Thus, 

IRacyborski  *^    described    a   species   from    the 

Jurassic  of  Krakow,  Poland,  under  the  name 

Danaea  micropTiyUa,  but  it  has  the  outline,  size, 

-mnd  nervation  of  a  Taeniopteris  (cf .  T,  pannila 

IHeer).     The  fruit  as  figured  may  entitle  it  to  be 

included  in  the  Marattiaceae,  but  it  is  so  unUke 

^he  fruit  of  Danaea  that  it  can  hardly  be  placed 

j5n  this  genus.     Several  Carboniferous  species 

^^ere   described   originally    under    the    name 

J)anaeaj  but  they  have  later  and  more  correctly 

Sbeen  referred  to  DanaeUes,  Danaeopsisj  etc. 

The  Marattiaceae  are  supposed  to  be  of  very 

-i^mcient  lineage — in  fact,  up  to  a  decade  or  so 

^^o  it  was  commonly  believed  that  they  formed 

-«a  dominant  element  in  the  forests  of  the  coal 

-^ige,  but  with  the  discovery  of  the  *'  ever-widen- 

^ing  territory  of  the  pteridosperms "  they  have 

een  brought  more  or  less  in  question.     Arber 

ays: 

The  evidence,  formerly  regarded  as  beyond  suspicion. 

that  the  eusporangiate  ferns  formed  a  dominant  feature  of 

~"'=the  vegetation  of  the  Paleozoic  period  has  been  under- 

"Tnined,  more  especially  by  the  remarkable  discovery  of 

the  male  organs  of  Lyginodendron  by  Mr.  Kidston.    At 

l)e8t  we  can  only  now  regard  them  as  a  subsidiary'  group 

zin  the  epoch  of  the  past  history  of  the  vegetable  kingdom. 

Even  the  reproductive  organs  are  no  longer 
-decisive  unless  the  seeds  are  found,  for,  as 
-Seward  says: 

We  can  not  in  most  cases  be  certain  whether  tlie  small 
eporangium-like  bodies  on  fertile  pinnules  are  true  feni 
49porangia  or  the  micro-sporangia  of  a  heterosporous  pterido- 
fiperm.  What  is  usually  called  exannulate  fern  sporan- 
gium *  *  *  has  no  distinguishing  features  which  can 
be  used  as  a  decisive  test.  The  microsporophylls  of  the 
Mesozoic  Bennetti tales  produced  their  spores  in  sporangical 
compartments  grouped  in  sj-nangia  like  those  of  recent 
Marattiaceae. 

The  Pteridospermae  so  far  as  known  disap- 
peared with  the  end  of  the  Paleozoic  era,  and 

«  Racyborski,  Maryjan,  Pamietnik  Akad.  rmiejeln.,  vol.  18,  p.  155, 
pl.  6,  figs.  1-6, 1894. 


the  marattiaceous  type  was  carried  on  to  the 
present  by  sparsely  represented  forms,  such  as 
MarratiopsiSj  Danaeopsis,  Bernouillia,  and  per- 
haps Nathorstia  of  the  Lower  Cretaceous  of 
Greenland,  and  a  supposed  Tertiary  species  of 
Marattia  {M.  hookeri  Gardner  and  Etting- 
hausen)  from  the  Eocene  of  the  Isle  of  Wight. 
It  is  therefore  of  interest  to  be  able  to  add  an- 
other step  in  the  recorded  progress  from  the 
Paleozoic  to  the  present  in  the  shape  of  an 
undoubted  Danaea  from  the  middle  Eocene  of 
.Vmeriea. 

This  specimen  has  been  submitted  to  Mr.  Wm. 
R.  Maxon,  of  the  United  States  National  Her- 
barium, and  he  pronounces  it  unqualifiedly  as 
referable  to  Danaea. 

Occurrence:  Green  River  formation,  oil  shale, 
Rio  Blanco  County,  about  40  miles  southwest  of 
Meeker,  Colo.,  collected  by  D.  E:  Winchester, 
1917. 

Order  EQIJISETALES. 
FamUy  EQUISETACEAE. 

Equisetum  wyomingense  Lesquereux. 

Equisetum  wyomingense  Leequereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1873,  p.  409, 
1874;  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7  (Ter- 
tiary flora),  p.  69,  pl.  6,  figs.  8-11,  1878. 
Newberry.  U.  S.  Geol.  Surv^ey  Mon.  35,  p.  15,  pl.  65, 
fig.  8,  1898. 

Lesquereux' s  description  and  figures  of  this 
species  are  rather  vague  and  unsatisfactory. 
He  states  that  the  specimens  are  preserved  on  a 
large  slab  of  very  hard  white  shale,  which  is 
'^covered  with  a  profusion  of  fragments  of  the 
same  plants,  rootlets,  rhizomes,  stems  crushed, 
pressed  together,  and  rarely  separated  dis- 
tinctly enough  to  clearly  show  their  characters. '' 
He  further  states  that  the  stems  and  rhizomes 
are  equally  and  regularly  striate,  and  the 
'^sheaths  are  dentate  on  the  borders,  and 
short."  The  stems  and  rhizomes  are  of  equal 
size,  about  half  a  centimeter  in  width. 

Newberry  figures  a  single  stem  from  Green 
River  under  Lesquereux's  name  but  makes  no 
comment  or  comparison  in  the  text.  The 
figured  specimen  is  a  fragment  of  stem  about 
6  centimeters  long  and  0.5  centimeter  wide  and 
shows  three  sheaths  with  some  10  or  12  slen- 
der, sharp-pointed  teeth.  It  is  difficult  to 
determine  whether  this  is  really  the  same  as 
Lesquereux's  Equisetum  wyomingense,  but  it 
perhaps  is  best  left  as  at  present  pending 
additional  information. 
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Occurrence:  Green  River  formation,  type 
found  3  miles  east  of  Green  River,  Wyo.;  New- 
berry's specimen  from  Green  River. 

Phs^om  SPSBMATOPHTTA. 

Class  ANGIOSPSBMAE. 

Snbdass  MONOCOTYLEDONES. 

Order  GBAMINALES. 

Arundo  reperta  Lesquereux. 

Arundo  reperta  Leequereux,  U.  S.  Geol.  and  Geog.  Sur- 
vey Terr.  Bull.,  vol.  1,  p.  384,  1875  [1876];  idem, 
Ann.  Rept.  for  1874,  p.  311, 1876;  U.  S.  Geol.  Surv^ey 
Terr.  Kept.,  vol.  7  (Tertiar>'  flora),  p.  87,  pi.  8,  figs. 
6-8, 1878. 

This  species,  it  seems  to  me,  is  very  unsatis- 
factory, and  the  propriety  of  recognizing  it  is 
doubtful.  It  was  described  by  Lesquereux  as 
follows : 

Stem  thick,  distinctly  articulate;  surface  striate,  marked 
with  round  obtuse  knots,  either  placed  at  the  articulation 
or  here  and  there  scattered  upon  the  stem;  fruiting  panicle 
crushed,  oval -oblong,  bearing  ovate-lanceolate  seeds,  and 
pallets  mixed  with  a  coating  of  hairs. 

All  the  figured  types  of  this  form  are  in  the 
United  States  National  Museum  (Nos.  96,  119) 
and  are  before  me.  The  stem  is  striate,  as  de- 
scribed, and  was  apparently  circular  in  cross 
section  before  it  was  entombed  but  is  now  much 
flattened.  It  may  have  been  a  hollow  reedlike 
stem,  but  it  also  suggests  a  decorticated 
branch  of  a  tree.  The  so-called  articulation  is 
only  a  check  or  crack  filled  with  mud  and  thus 
simulating  a  joint.  The  '^knots''  are  difficult 
to  interpret.  There  are  two  in  line  with  the 
axis  of  the  stem,  and  they  are  about  7  milli- 
meters in  diameter  and  some  3  millimeters  high. 
They  seem  to  rest  on  and  hardly  to  be  a  part  of 
the  organic  structure  of  the  stem — in  fact,  they 
have  much  the  appearance  of  being  little  mud 
balls  that  happened  to  lodge  on  the  specimen. 

The  specimen  described  as  an  underground 
stem  is  apparently  correctly  placed — that  is  to 
say,  the  scars,  which  occur  at  fairly  regular 
intervals,  are  clearly  the  scars  of  roots  or  root- 
lets. The  type  specimen  is  fully  18  centimeters 
long  and  shows  little  diminution  in  size. 

The  cluster  of  seeds,  although  seemingly 
quite  complete  as  depicted  in  the  drawing,  ar^ 
really  so  obscure  and  fragmentary  Jis  to  be 
almost  impossible  of  accurate  determination. 
A  few  of  the  specimens  have  somewhat  the 
appearance  of  the  palets  of  a  large  grass,  but 
I  should  hesitate  to  say  positively  that  this  is 
their  nature. 


There  is  also  httle  basis  for  supposing  that 
these  several  organs  are  really  parts  of  one 
species  of  plant.  They  are,  indeed,  associated 
on  the  same  piece  of  matrix,  but  there  is  no 
positive  evidence  of  former  organic  union. 

With  the  above  strictures  this  form  is  left 
as  last  revised  by  Lesquereux,  but  with  the 
frank  admission  that  it  is  seemingly  of  very 
Uttle  biologic  or  stratigraphic  value. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo.,  above  the  fish  beds. 

FamUy  CTPSaACSAE. 
Cyperus  chayannesf  Heer. 

Cyperus  chavannesi  Herr,  Flora  tertiaria  Uelvetiae,  vol.  1, 

p.  72,  pi.  22,  fig.  7;  pi.  28,  fig.  1,  1855. 
Cyperus  ^^chavanensis"?  Heer.     Leequereux,  U.  S.  Geol. 

and  Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  p. 

291,  1872;  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7 

(Tertiary  flora),  p.  92,  pi.  9,  figs.  1,  2,  1878. 

Lesquereux  first  mentioned  this  species  as 
coming  from  Evanston,  Wyo.,  ''below  the 
coal."  Later,  in  the  ''Tertiary  flora,"  it 
was  given  as  coming  from  Green  River,  Wyo., 
and  one  of  the  figured  specimens  (pi.  9,  fig.  1, 
U.  S.  Nat.  Mus.  No.  122)  is  in  the  United 
States  National  Museum.  It  is  a  mere  frag- 
ment from  the  middle  area  of  a  large  leaf  and 
must  be  considered  as  doubtfully  the  same  as 
the  European  type. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo. 

Cyperacites  haydenii  (Lesquereux)  Knowlton. 

Cyperacitcs  haydenii  (Lesquereux)  Knowlton,  U.  S.  Geol. 

Survey  Bull.  152,  p.  83,  1898. 
Cypcrites  haydenii  Lesquereux,  U.  S.  Geol.  Survey  Terr, 

Rept.,  vol.  8  (Cretaceous  and  Tertiary  floras),  p. 

140,  pi.  23,  figs.  l-3a.  lcS83. 

The  types  of  this  species  are  preserved  in  the 
United  States  National  Museum  (Nos.  1565, 
1509).  It  has  been  well  described  and  figured 
by  Lesciuereux. 

Occurrence:  Green  River  formation,  Uinta 
(formerly  incorrectly  given  as  Randolph) 
County,  Wyo. 

Order  ABECALES. 
FamUy  ABECACEAE. 
Geonomites  haydenii  (Newberry)  Knowlton,  n.  comb. 

Mtinicaria  haydenii  Newberry,  U.  S.  Nat.  Mus.  Plx)C.,  voL 
5,  p.  504,  1883;  U.  S.  Geol.  Survey  Mon.  36,  p.  31, 
pi.  64,  fig.  3,  1898. 
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The  following  description  was  given  by  New- 
berry: 

Frond  large,  leaves  pinnately  plicated,  folds  1.5  cen- 
tuneters  in  width  above,  slightly  narrowed  below;  flat  or 
gently  arched,  smooth,  springing  from  the  midrib  at  an 
angle  of  25®,  30°  below;  folds  attached  to  the  midrib  [rachis] 
obliquely  by  the  entire  width,  and  to  each  other  by  their 
entire  length  (?);  nervation  fine,  uniform  (?),  parallel. 

This  Green  River  palm  is  very  imperfectly 
known — ^in  fact,  the  only  specimen  I  have 
seen  is  the  type  as  figured  by  Newberry  (U.  S. 
Nat.  Mus.  No.  7016).  It  is  impossible  to  de- 
termine the  position  of  this  fragment  in  rela- 
tion to  the  whole  leaf,  though  from  its  size  as 
compared  with  leaves  from  other  localities 
believed  to  be  congeneric  with  it,  it  was 
probably  from  the  middle  or  lower  portion. 

Newberry  was  frank  to  state  in  the  dis- 
cussion of  his  Manicaria  haydenii  that  it 
certainly  belongs  to  the  same  genus  as  Les- 
quereux's  Oeonomites  tenuirdchisj*^  and  with 
this  statement  I  am  inclined  to  agree.  I  have 
figured*^  a  much  larger  and  far  more  nearly 
complete  specimen  of  Oeonomites  tenuirachisj 
from  the  Raton  formation,  than  Lesquereux^s 
type,  and  from  this  it  is  fairly  clear  that  the 
type  specimen  is  a  small  segment  from  the 
upper  portion  of  the  leaf.  I  can  see  no  char- 
acters by  which  this  Green  River  palm  can  be 
excluded  from  Oeonomites,  and  consequently 
I  have  transferred  it  to  this  genus.  It  seems 
closer  to  Oeonomites  tenuirdchis  than  to  Mani- 
caria formosa  Heer,**  from  the  Swiss  Miocene, 
with  which  Newberry  compared  it — in  fact, 
it  would  be  difficult  with  the  scant  material 
available  to  separate  them  specifically.  How- 
ever, as  they  are  so  imperfectly  known,  and 
as  there  is  so  much  difference  in  their  strati- 
graphic  position,  it  is  perhaps  best  to  regard 
Oeonomites  haydenii  as  distinct  until  its  status 
can  be  settled  with  better  material. 

Occurrence:  Green  River  formation,  Green 
River,  Wyo. 

Sabal  powellii  Newberry. 

Sabal  poivellii  Newberry,  U.  S.  Nat.  Mus.  Proc,  vol.  5, 
p.  504,  1882  [1883];  U.  S.  Geol.  Surrey  Mon.  35, 
p.  30,  pi.  63,  fig.  "6;  pi.  64,  figs.  1,  la,  1898. 

4s  Leaquereux,  Leo,  U.  S.  Geol.  Survey  Terr.  Rei)t.,  vol.  7  (Tertiary 
flora),  p.  117,  pi.  11,  ng.  1. 187S. 

^KnowlUm,  F.  H.,  U.  S.  Geol.  Sur\oy  Prof.  Paper  101,  p.  291,  pi.  C2, 
1917. 

M  Heer,  Oswald,  Flora  tertiaria  Helvetiae,  vol.  1,  pi.  as,  IsoG. 


The  following  is  Newberry's  description: 

Leaves  of  medium  size,  4  or  5  feet  in  diameter,  petiole 
smooth,  unarmed,  terminating  above  in  an  angular  or 
rounded  area  from  which  the  folds  diverge  beneath,  cx)n- 
cavely  narrowing  to  form  a  spike  3  or  4  inches  in  length; 
rays  about  50,  radiating  from  the  end  of  the  petiole, 
perhaps  60  in  the  entire  leaf,  compressed  to  acute 
wedges  where  they  issue  from  the  petiole;  strongly  angled 
and  attaining  a  maximum  width  of  about  1  inch;  nerves 
fine,  about  12  stronger  ones  on  each  side  of  the  keel,  with 
finer  intermediate  ones  too  obscure  for  enumeration. 

Although  the  remains  of  palms  are  abmidant 
in  a  number  of  Tertiary  formations  they  are 
unusually  difficult  of  satisfactory  diagnosis. 
Tlieir  large  size,  the  fragmentary  state  in 
which  they  are  usually  collected,  and  the  lack 
of  good  diagnostic  characters  in  the  leaves 
make  their  identification  more  or  less  uncertain. 
The  allocation  of  Sabal  powellii  is  a  case  in 
point.  In  his  discussion  Newberry  points 
out  that  it  bears  considerable  resemblance 
to  Sahalf  eocenica  (Lesquereux)  Knowlton 
(formerly  Flahellaria  eocenica)  as  figured  by 
Lesquereux,**  dijBFering  in  having  a  larger  number 
of  folds  and  a  longer  point  of  support  on  the 
imder  side  of  the  leaf.  Newberry  also  compares 
his  species  to  Sahalites  grayanus  (Lesquereux) 
Lesquereux,  but  this  has  been  since  divided. 
The  type  locality  was  the  Wilcox  group  of  the 
Gulf  region,  and  the  name  Sahalites  grayanus  is 
retained  for  this  form,  which  has  also  been 
reported  from  the  Laramie,  Lance,  and  Raton 
formations.  The  large  leaves,  which  are  evi- 
dently the  ones  Newberry  had  in  mind,  mainly 
from  the  Montana  group,  have  been  separated 
under  the  name  Sabal  f  morUana  Knowlton.*' 
Although  this  species  is  still  imperfectly 
known  it  seems  to  be  distinguishable  by  its 
very  large  size,  being  perhaps  the  largest  palm 
in  the  Rocky  Moimtain  region,  and  by  the 
greater  number  of  folds  (about  90). 

Sabal  grandifolia  Newberry*^  is  another 
large-leaved  palm  that  may  be  compared 
with  Sabal  powellii.  It  has  nearly  twice  the 
number  of  folds. 

Occurrence:  Green  River  formation.  Green 
River,  Wvo. 

*i  Lesquereux,  Leo,  U.  S.  GeoL  Survey  Terr.  Rept.,  voL  7(Tatiary 
flora),  pL  13,  figs.  1-3, 1878. 

«« Knowlton,  F.  H.,  U.  S.  Geol.  Survey  Prof.  Paper  101,  p.  253,  pi.  32, 
fig.  3,  191H. 

<7  Newberry,  J.  S.,  U.  S.  (Jeol.  Survey  Mon.  35,  p.  28,  pi.  25;  pi.  63, 
flg.  5  uiot  pi.  (V4,  figs.  2,  2a).  1898. 
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FlabeDaria  fiorissanti  Lesquerenx. 

Flabellaria  fiorissanti  Lesquereux,  U.  S.  Geol.  Survey 
Terr.  Rept.,  vol.  8  (Cretaceous  and  Tertian^  floras), 
p.  144,  pi.  24,  figs.  l-2a,  1883. 

The  following  is  Lesquereux's  characteriza- 
tion of  this  species: 

Fronds  large;  raj's  diverging  all  around  from  the  top 
of  the  long,  nearly  flat,  un keeled  rachis;  rajT?  large,  very 
numerous,  acutely  keeled;  primar>'  nerves  distinct;  close 
intermediate  veinlets  three  or  four. 

Lesquereux  did  n^t  give  any  actual  dimen- 
sions, and  the  two  figured  types  are  all  of  the 
original  material  now  known  to  be  extant. 
Subsequently,  however,  L.  F.  Ward  collected 
extensively  at  Green  River  station,  at  a  point 
known  locally  as  Bellas  fish  cliff,  and  procured 
some  very  large  palm  leaves  that  in  all  reason- 
able probability  are  the  same  as  Lesquereux's 
species.  It  must  have  been  at  least  5  feet  in 
diiameter  and  has  the  same  rather  slender 
petiole  as  the  figured  type.  Our  specimen 
includes  the  out^r  edge  of  the  leaf  and  shows 
that  the  rays  are  split  apart  for  a  distance  of 
at  least  20  centimeters. 

Occurence:  Green  River  formation  [types], 
Uinta  (formerly  incorrectly  called  Randolph) 
C!ounty,  Wyo.;  Bell's  fish  cliflP,  Green  River, 
Wyo.,  collected  by  L.  F.  Ward. 

Order  XTSIDALSS. 

Family  POKTEDEBIACEAE. 

Oenus  PONTEDEBITES  Knowlton,  n.  gen. 

Pontederites  hesperia  Knowlton,  n.  sp. 

Plate  XXXVI,  figure  6. 

Although  it  is  perhaps  more  or  less  haz- 
ardous to  base  a  new  genus  on  a  single  frag- 
ment, the  present  one  seems  so  distinct  that 
it  merits  at  least  temporary  characterization 
until  more  complete  material  can  be  procured. 
It  is  the  well-preserved  upper  part  of  a.  leaf 
that  was  presumably  broadly  ovate  below  and 
rather  abruptly  narrowed  above  into  a  deltoid- 
lanceolate  apical  portion,  1  centimeter  wide  at 
the  base,  2  centimeters  long,  and  acute  at  the 
tip.  The  length  of  the  part  preserved  is  8 
centimett^rs  and  the  width  about  5  centimeters. 
The  total  length  was  presimiably  not  less  than 
12  or  15  centimeters.  It  is  unfortunate  that 
the  shape  of  the  base  is  unknown.  The  ner- 
vation consists  of  numerous  close,  mainly  par- 
allel veins  that  arise  from  a  slightly  enlarged 
midvein  which  is  reduced  in  the  apical  portion 


to  the  same  size  as  the  other  veins.  Those 
that  can  be  seen  arise  from  the  midvein  at 
a  very  acute  angle — about  80® — ^but  in  the 
lower  portion  they  are  closer  together  and 
apparently  arise  at  a  less  acute  angle.  The 
veins  spread  in  the  broad  portion  of  the  blade, 
then  approach  again  in  the  upper  part,  where 
some  of  them  terminate,  only  about  a  dozen 
passing  into  the  reduced  apical  portion.  A 
few  intermediate  veins  come  up  from  the 
lower  portion  of  the  blade  and  die  out  above, 
but  so  far  as  can  be  ascertained  there  are  no 
fine  intennediate  veinlets,  or  at  least  but  faint 
traces  of  them.  There  are,  however,  nu- 
merous cross  veinlets,  mainly  at  right  angles 
to  the  veins. 

This  leaf  appears  to  resemble  most  closely 
the  leaves  of  Pontederia  cordata  Linn6,  the 
well-known  pickerel  weed,  which  grows  on 
the  borders  of  ponds  and  streams  from  Nova 
Scotia  to  Minnesota  and  south  to  Florida  and 
Texas.  In  the  living  plant  the  thick,  petioled 
leaves  are  ovate,  cordate-sagittate,  and  5  to  20 
centimeters  long,  with  the  basal  and  apical  lobes 
rounded.  It  has  a  fairly  distinct  midrib  in 
the  lower  portion,  but  this  disappears  above. 
It  is,  of  course,  much  to  be  regretted  that  the 
basal  portions  of  these  leaves  can  not  be  com- 
pared, but  such  a  comparison  must  await 
more  nearly  perfect  specimens.  So  far  as  the 
available  material  goes  I  can  see  no  essential 
difference  between  the  fossil  and  the  living 
forms,  and  the  name  given  to  the  genus  brings 
out  this  point. 

The  fossil  has  some  resemblance  to  certain 
forms  that  have  been  referred  to  CanTUi,  such 
as  Canna  eoceni^xi  Berry,**  from  the  Wilcox 
group  of  the  Gulf  region,  but  this  is  more  nearly 
lanceolate,  with  no  contraction  into  the  reduced 
apical  portion.  The  midrib  is  also  stronger 
in  Canrm  eocenica. 

Tlie  only  other  Green  River  monocotyledon 
with  which  it  could  possibly  be  compared  is 
Musophyllum  compHcatum  Lesquereux,**  but 
this  is  of  a  totally  different  character. 

Under  the  name  Zingiberites  duhius  Lesque- 
reux^*^ described  a  fragment  from  the  Denver 
formation  of  Colorado,  but  this  is  too  much 
broken  to  give  any  reliable  conception  of  its 

«  Berry,  E.  W.,  U.  S.  Gool.  Survey  Prof.  Paper  91,  p.  181,  pi.  16,  figs. 
7,  S,  1916. 

**  Ix'squoroux,  Leo,  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiaiy 
flora),  p.  96,  pi.  15,  flgs.  1-6, 1878. 

M  Idem.  pi.  lU,  fig.  1. 
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form  and  size,  and  hence  it  can  not  be  com- 
pared with  the  present  form. 

Occurrence:  Green  River  formation,  Grease- 
wood  Creek,  Rio  Blanco  County,  40  miles  west 
of  Meeker,  Colo.,  collected  by  D.  E.  Winchester, 
1917. 

Order  LILIALES. 
FamUy  JTJNCACEAE. 
Juncus  sp.  Lesquercux. 

Juncus  sp.  Lesquereiix,  U.  S.  (leol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  6,  1872. 

Lesquereux  says : 

Fragments  of  stems  of  various  sizes,  like  Juncus  retractus 
Heer,  or  Juncus  scheuzeri  Ueer,  in  Flora  tertiaria  Ilelve- 
tiae,  pi.  30,  figs.  2e,  3o. 

These  specimens  are  not  known  to  be  in 
existence,  and  the  species  sliould  probably  be 
discarded. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo. 

MONOCOTTLEDONAB  OF  UNCEBTAIN  POSITION. 

Musophyllum  complicatum  Lesquereux. 

Muiophyllum  complicatum  Lesquereux,  U.  S<  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1873,  p.  418, 
1874;  U.S. Geol.  Survey  Terr.  Rept.,  vol.  7  (Ter- 
tiary flora),  p.  96,  pi.  15,  figs.  1-6,  1878. 

Most  of  the  type  material  on  which  this 
species  is  based  is  preserved  in  the  United  States 
National  Museum  (Nos.  132-135).  It  is  very 
obscure  and  diflBcult  to  interpret,  and  on  this 
point  Lesquereux  said : 

The  exact  character  of  these  leaves,  especially  their 
form,  their  size,  and  their  relation  to  the  main  stem,  or 
stipe,  is  very  obscure.  I  have  found  a  bed  of  shale  nearly 
1  foot  thick  filled  entirely  with  fragments  of  this  species 
and  have  worked  a  whole  day  with  a  miner,  tr>dng,  without 
avail,  to  get  specimens  more  definite  than  those  which  are 
figured  here.  Large  pieces  of  shale  are  covered  with 
fragments  of  leaves,  folded  in  various  ways,  where  no  trace 
of  any  middle  nerve  may  be  discovered.  This  proves 
the  large  size  of  the  leaves. 

As  nearly  as  can  be  made  out  it  may  be 
described  as  follows:  Stem  or  stipe  very  stout, 
at  least  3  centimeters  in  width,  longitudinally 
wrinkled  and  striate.  Leaves  large,  with  a 
thick  irregularly  veined  midrib  1  centimeter 
or  more  in  width.  Veins  of  the  leaf  numerous, 
thin  but  distinct,  mainly  simple  but  occa- 
sionally dichotomous,  especially  toward  the 
margins. 

Occurrence:  Green  River  formation,  8  miles 
southeast  of  Green  River  station,  Wyo. 


Subclass  DICOTYLEDONES. 
Order  SALICALSS. 

Family  SALICACEAE. 
Salix  linearis  KnowUon,  a.  sp. 

Plate  XXXVII,  figure  8. 

Leaf  very  small,  linear-lanceolate,  3.5  centi- 
meters long,  5  millimeters  broad,  with  a  petiole 
5  millimeters  long;  margin  with  a  few  rather 
remote  teeth;  midrib  very  strong;  secondaries 
as  many  as  the  teeth,  which  they  enter,  arising 
at  an  angle  about  40°,  little  curved  upward; 
finer  nervation  not  discernible. 

This  little  leaf  is  also  the  only  one  of  its  kind 
observed  in  the  collections.  It  is  perhaps 
hazardous  to  characterize  a  new  Salix  on  a 
single  leaf,  but  it  differs  so  clearly  from  any 
other  in  the  collection  that  it  is  presented  with 
the  reservation  that  it  may  be  shown  to  belong 
elsewhere  when  more  material  is  available. 

Among  living  species  this  strongly  resembles 
a  small  leaf  of  Salix  flumatUis  Nuttall,  the  well- 
known  sand-bar  or  river-bank  willow,  which 
ranges  from  Quebec  to  Oregon  and  south  to 
Virginia,  Kentucky,  and  New  Mexico.  There 
is  no  fossil  species,  at  least  from  the  Green 
River,  that  could  be  confused  with  this. 

Occurrence:  Green  River  formation,  Rio 
Blanco  County,  20  miles  west  of  Rio  Blanco 
post  office,  Colo.  (sec.  33,  T.  4  S.,  R.  100  W.), 
collected  by  D.  E.  Winchester,  1917. 

« 

Salix  longiacuminata  Knowlton,  n.  sp. 

Leaves  thin  but  firm  in  texture,  lanceolate, 
broadest  a  short  distance  above  the  base, 
whence  it  is  gradually  narrowed  to  a  long,  slen- 
derly acuminate  apex  and  to  a  wedge-shaped 
base;  margin  slightly  irregular  though  scarcely 
to  be  called  toothed ;  length  9  or  10  centimeters, 
width  1.2  centimeters;  petiole  slender,  about 
1.75  centimeters  long;  midrib  relatively  very 
strong,  especially  in  the  lower  third;  seconda- 
ries numerous,  arising  at  various  angles,  in  the 
lower  part  falling  below  a  right  angle,  then 
many  nearly  at  a  right  angle,  and  finally  some 
at  an  angle  of  perhaps  20°;  all  secondaries 
curved  and  each  joining  the  one  next  above, 
forming  a  series  of  loops  just  within  the  margin; 
intermediate  secondaries  numerous;  finer  nerva- 
tion irregularly  quadrangular. 

The  only  specimen  found  in  the  collections, 
a  nearly  perfect  leaf,  seems  well  characterized 
by  its  long,  slenderly  acuminate  apex,  thick 
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midrib,  and  very  numerous  secondaries,  which 
arise  at  various  angles  and  by  joining  form  a 
series  of  bows  well  inside  the  margin. 

This  leaf  is  not  greatly  different  in  size  and 
shape  from  leaves  referred  by  Lescjuereux  '**  to 
Salix  angusiaj  though  it  is  more  slenderl}'  acumi- 
nate, but  it  differs  wholly  in  the  secondary 
nervation.  Thus,  in  Salix  angusta  the  second- 
aries are  numerous,  close,  parallel,  and  little 
curved  upward,  whereas  in  the  present  specie^ 
the  secondaries  are  more  remote  and  by  joining 
form  a  series  of  loops. 

Among  other  fossil  species  the  present  one 
resembles  in  nervation  Salix  arcinerva  Heer,"'- 
from  the  Swiss  Miocene,  but  that  species  differs 
in  shape  and  has  the  margin  finely  toothed.  It 
also  resembles  in  shape  and  somewhat  in  ner- 
vation Salix  longa  Heer,^^  from  the  same  area, 
but  that  species  is  much  larger  and  its  second- 
aries do  not  form  loops. 

Occurrence:  Green  River  formation,  Rio 
Blanco  County,  20  miles  west  of  Rio  Blanco 
post  office,  Colo.  (sec.  33,  T.  4  S.,  R.  100  W.), 
collected  by  D.  E.  Winchester,  1917. 

Salix  sp. 

Plate  XXXVII,  figures  3-5. 

The  collection  made  by  Winchester  includes  a 
number  of  small  leaves  that  appear  to  belong  to 
Salix,  though  the  nervation  is  so  obscure  that 
this  assignment  is  not  certain.  They  are 
linear-lanceolate  leaves,  3.5  to  about  6  centime- 
ters long  and  6  to  10  millimeters  wide,  and  have 
a  petiole  5  or  6  millimeters  long.  They  are 
narrowed  to  a  wedge-shaped  base  and  are 
rather  obtuse  at  the  apex.  The  margin  is  per- 
fectly entire.  The  nervation,  with  the  excep- 
tion of  a  relatively  very  strong  midrib,  is  ob- 
scure but  appears  to  consist  of  numerous  tliin 
secondaries  at  an  angle  of  35°  or  40*^  that  are 
camptodrome  and  arch  just  inside  the  margins; 
none  of  the  finer  nervation  is  observable. 

Considering  the  uncertainty  regarding  these 
leaves  it  seems  hardly  worth  while  to  attempt 
comparisons  with  either  living  or  fossil  species. 
Small,  narrow,  entire  willow  leaves  are  so  non- 
descript that  it  is  difficult  to  be  sure  of  their 
subsequent  recognition,  and  for  this  reason  the 
present  form  has  not  been  given  a  specific 
designation. 

"  Lesqueroux,  Leo,  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertian- 
flora),  pi.  22,  flg.  4,  Isis. 
M  Hecr, Oswald,  Flora  tertlaria  ndvctlae,  vol.  2,  pi.  65,  flgs.4, 5, 1*06. 
u  Idem,  pi.  69,  figs.  12, 13. 


Occurrence:  Green    River    formation,    Rio 

Blanco  County,  about  40  miles  southwest  of 

Meeker,  Colo.,  collected  bv  D.  E.  Winchester, 

1917. 

Salix  sp. 

Salix  rn/'dia  Heer.  Losqueroux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  6, 1872; 
U.  S.  Geol.  Sursey  Terr.  Rept.,  vol.  7  (Tertiary 
flora),  p.  1C8,  pi.  22,  fig.  3.  1878. 

The  specimen  on  which  Lesquereux  based  the 
presence  of  Salix  media  Heer  in  American  beds 
is  in  the  United  States  National  Museum  (No. 
108).  It  is  a  small  leaf  about  7  centimeters 
long  and  lacks  most  of  one  side  and  the  tip.  It 
is  without  a  trace  of  nervation  except  a  strong 
midrib,  though  secondaries  have  been  added 
in  the  figure  given  in  the  ''Tertiary  flora." 
The  leaves  from  the  Swiss  Miocene  referred  by 
Heer  ^*  to  Salix  media  are  all  mostly  without 
nervation  except  the  midrib,  and  of  course  it  ia 
easv  to  match  the  American  leaf  with  one  of 
these,  but  such  a  comparison  is  obviously  with- 
out value. 

In  the  Museum  collection  there  is  another 
leaf  not  figured  that  was  identified  by  Les- 
quereux as  Scblix  media — in  fact,  it  is  recorded 
under  the  same  number  (198)  as  the  other — 
but  it  is  a  long,  narrow  leaf  with  obscurely  pre- 
served nervation  in  which  a  small  portion  is 
so  preserved  as  to  show  an  intramarginal  vein, 
as  in  Eucalyptus?  am^ericana,  and  it  should  be 
referred  to  that  species. 

As  the  leaf  figured  by  Lesquereux  is  so 
obscure  it  is  here  removed  from  Salix  media 
and  regarded  as  Salix  sp. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo. ;   also  reported  from  Elko,  Nev. 

Order  MTRICALES. 
Family  MTBICAGEAE. 

Myrica  salicina  linger. 

Myrica  salicina  linger.  Genera  et  species  plantarum  foa- 
silium,  p.  396,  1850. 
Lesquereux,  U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann. 
Rept.  for  1871,  Suppl.,  p.  6,  1872. 

The  status  of  this  species  is  doubtful.  It 
w^as  identified  by  Lesquereux  under  the  above 
name,  but  the  specimen  on  which  the  identi- 
fication was  based  is  lost  or  merged  with  some- 
thing els6  without  a  record  of  such  transfer. 
It  was  neither  figured  nor  again  referred  to  by 
Les(iuereux. 

Occurrence:  Green  River  formation.  Green 
Rivor,  Wyo. 


f'*  Heer,  Oswald,  Flora  tertiaria  Helvetiae,  vol.  2,  pl.68,ags.  14-19, 1856. 
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Myiics  mbmCa  Knowlton,  n.  sp. 

Plate  XXXVII,  figure  12. 

Leaves  coriaceous  or  at  least  firm  in  texture, 
linear-lanceolate,  prolonged  above  to  a  slender 
acuminate  apex  and  scarcely  less  so  below  to 
the  narrowly  wedge-shaped  base;  margin 
entire  for  the  lower  third,  thence  rather 
strongly  toothed,  the  teeth  moderately  sharp; 
midrib  relatively  strong;  secondaries  numerous, 
thin,  at  an  angle  of  about  40°,  slightly  curved 
upward,  ending  in  the  margin  in  the  lower 
imtoothed  portion  and  in  the  teeth  in  the 
middle  and  upper  portion. 

This  little  leaf,  the  only  one  observed,  is 
about  18  millimeters  long  and  3  millimeters 
wide  and  has  a  delicate  petiole  1  millimeter 
long.  It  is  evidently  rather  thick,  as  the 
secondary  nervation  is  faintly  visible. 

This  species  is  of  the  same  type  as  Myrica 
acoitii  Lesquereux,  from  the  Florissant  lake 
beds,  but  it  is  only  one-fourth  the  length  of 
that  species  and  has  rather  blunt  instead  of 
very  sharp  teeth.  ^ 

Occurrence:  Green  River  formation,  oil 
shale,  Smith  ranch,  on  Greasewood  Creek, 
about  40  miles  southwest  of  Meeker,  Colo., 
collected  by  D.  E.  Winchester,  1917. 

Myrica  praedrjrmeja  Knowlton,  n.  sp. 
Plate  XXXVI,  figures  1-3. 

Leaves  small,  firm  in  texture,  lanceolate, 
acuminate  at  apex,  rounded  below,  with  the 
sides  of  the  leaf  at  angles  of  about  45°,  sUghtly 
imequal  sided;  margin  entire  for  a  short  dis- 
tance, thence  with  numerous  rounded  teeth; 
petiole  short,  stout;  midrib  relatively  very 
strong,  straight;  secondaries  numerous,  18 
or  20  pairs,  alternate,  close,  parallel,  little 
curved  upward,  ending  in  the  teeth;  finer 
nervation  obsolete. 

This  species  is  represented  by  a  number  of 
specimens,  and  three  of  the  most  nearly  perfect 
ones  are  figured.  They  are  4  or  5.5  centimeters 
long  and  about  1.2  centimeters  wide,  with  the 
petiole  at  least  4  millimeters  long.  This  species 
is  very  closely  similar  to  Myrica  caJiicomaefolia 
Lesquereux"  (now  Myrica  dry  me  ja  (Lesquereux) 
Kjiowlton),  from  the  Florissant  lake  beds — 
in  fact,  they  may  be  identical.     M,  praedrymeja 

■•Lesquereux,  Leo,  U.  8.  Geol.  Survey  Terr.  Kept.,  vol.  8  (Creta- 
oeousand  Tertiary  floras),  p.  146,  pi.  26,  figs.  5-14, 1883. 
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differs  slightly,  however,  in  having  the  mar- 
ginal teeth  obtuse  or  rounded  instead  of 
sharp-pointed  and  a  stronger  nervation.  These 
differences  are  not  marked,  and  a  fuller  series 
might  readily  show  them  breaking  down. 

Occurrence:  Green  River  formation,  oil 
shale.  Smith  ranch,  on  Greasewood  Creek  about 
40  miles  southwest  of  Meeker,  Rio  Blanco 
Coimty,  Colo.,  collected  by  D.  E.  Winchester, 

1917. 

Myrica  ludwigii  Schimper. 

Myrica  ludungii  Schimper,  Pal^ntologie  v^^tale,  vol.  2, 
p.  545,  1872. 
Lesquereux,  U.S.  Geol.  and  Geog.  Survey  Terr.  Bull., 
vol.  1,  p.  385,  1875  (1876);  idem,  Ann.  Rept.  for 
1874,  p.  311,  1876;  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  7  (Tertiary  flora),  p.  133,  pi.  65,  fig.  9, 1878. 

The  single  broken  leaf  figured  is  all  there  is 
to  represent  this  species,  and  this  is  now  lost. 
Its  status  is  therefore  rather  unsatisfactory, 
but  it  will  have  to  stand  as  above  until  further 
material  can  be  procured. 

Occurrence:  Green  River  formation,  mouth 
of  White  River  (emptying  into  Green  River), 
Wyo. 

Myripa  sp. 
Plate  XXXVII,  figure  2. 

Winchester's  collection  contains  a  fragment 
that  evidently  belongs  to  Myrica,  but  it  is  so 
deficient  that  I  have  not  given  it  a  specific 
name.  It  is  a  fragment  2.5  centimeters  long 
and  0.5  centimeter  wide,  of  the  upper  part  of 
a  linear-lanceolate,  sharply  acuminate  leaf. 
The  margin  in  the  lower  part  is  nearly  entire, 
with  only  an  occasional  tooth,  but  in  the  upper 
part  it  is  provided  with  low,  obtuse,  irregu- 
larly spaced  teeth.  The  nervation  consists  of 
a  relatively  strong,  straight  midrib  and  very 
numerous  secondaries  that  arise  at  a  low  angle 
and  curve  slightly  in  passing  to  the  borders, 
which  most  of  them  seem  to  enter.  These 
secondaries  are  somewhat  irregularly  placed; 
the  finer  nervation  is  not  observable. 

This  form  has  the  same  type  of  nervation 
as  Myrica  nigricans  Lesquereux,  but  it  differs 
in  the  narrowly  lanceolate,  acuminate,  irregu- 
larly toothed  blade. 

Occurrence:  Green  River  formation.  Cathe- 
dral Bluff,  south  of  Little  Tommies  Draw,  20 
miles  west  of  Rio  Blanco  post  ofi^ce,  Rio 
Blanco  County,  Colo.,  collected  by  D.  E. 
Winchester,  1917. 
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Mjrrica  sp. 

Plate  XL,  figure  13. 

In  the  Winchester  collection  I  find  the  single 
specimen  here  figured,  which  seems  to  be 
diflFerent  from  any  other  noted.  It  is  coria- 
ceous in  texture,  narrowly  lanceolate,  pro- 
longed above  into  an  acute  apex  (base  de- 
stroyed). It  was  probably  9  or  possibly  10 
centimeters  long  and  about  13  millimetei-s 
wide.  The  margin  is  remotely  toothed,  the 
teeth  low  and  rather  obtuse.  The  nervation 
consists  of  a  very  strong,  straight  midrib  and 
numerous  pairs  of  mainly  alternate  second- 
aries which  arise  nearly  at  right  angles  to  the 
midrib,  considerably  curved  upward  and  end- 
ing in  the  teeth  or  in  the  margin;  finer  nerva- 
tion not  well  preserved. 

This  somewhat  resembles  what  Lesquereux 
called  Myrica  nigricans  ^  (now  Rhus  nigricans)  j 
but  it  is  longer  and  more  narrowly  acuminate, 
and  has  fewer  secondaries.  It  is  even  closer 
to  Myrica  Ivdwigii  Schimper,  as  identified 
by  Lesquereux  *^  from  the  mouth  of  White 
River,  Wyo.,  but  that  species  is  shorter  and 
broader  and  has  very  large  marginal  teeth 
and  different  secondary  nervation. 

Occurrence :  Green  River  formation,  head  of 
Carr  Creek,  Garfield  County,  Colo.,  30  miles 
northwest  of  De  Beque,  collected  by  D.  E. 
Winchester,  1917. 

Comptonia?  anomala  Knowlton,  n.  sp. 

Plate  XXXVII,  figure  1. 

Leaf  small,  sessile,  2  centimeters  long,  6 
millimeters  wide;  coriaceous;  lanceolate,  ob- 
tuse and  roimded  at  apex,  strongly  unequal- 
sided  at  base;  margin  strongly  imdulate- 
toothed,  the  teeth  low  and  rounded;  midrib 
very  strong  for  the  size  of  the  leaf;  secondaries 
thin,  opposite  or  nearly  so,  at  a  low  angle,  very 
little  curved  upward,  ending  in  the  marginal 
imdulations;  intermediate  secondaries  occa- 
sional; finer  nervation  obsolete. 

It  is  with  grave  doubt  that  this  little  leaf  is 
referred  to  the  genus  Comptonia.  In  the  un- 
dulate-toothed margin  and  in  nervation  it 
seems  identical  with  this  genus,  but  the  strongly 
unequal-sided  basesuggeststhat  it  is  a  leaflet  and 
not  a  distinct  leaf.     However,  I  have  not  thus 

6«  Lesquereux,  Leo,  U.  S.  GeoL  Survey  Terr.  Rept.,  vol.  7  (Tertiary 
flora),  p.  132,  pi.  17,  figs.  9-12,  1878. 
•'  Idem,  pi.  65,  fig.  9. 


far  been  able  to  place  it  satisfactorily  in  any 
genus  with  compound  leaves,  and  temporarily 
it  is  referred  to  Comptonia.  It  is  so  strongly 
marked  that  it  can  easily  be  recognized  in 
future  and  perhaps  more  correctly  placed  when 
opportmiity  ofi'ers. 

Occurrence:  Green  River  formation,  Smith 
ranch,  on  Greasewood  Creek,  about  40  miles 
southwest  of  Meeker,  Rio  Blanco  County,  Colo., 
collected  by  D.  E.  Winchester,  1917. 

Order  JTJGLANDALES. 

FamUy  JUGLANDACEAE. 

Juglans  occidentalis  Newbeiry. 

Juglans  occidentalis  Newberry,  U.  S.  Nat.  Mus.  Proc.,  vol. 

5,  p.  507, 1882  [18831;  U.  S.  Geol.  Survey  Mon.  36,  p. 

34,  pi.  65,  fig.  1;  pi.  66,  figs.  2-4  [not  pi.  66,  fig.  1], 

1898. 
Juglans  schimper i  Lesquereux,  U.  S.  Geol.  Survey  Terr. 

Rept.,  vol.  7  (Tertiary  flora),  pi.  56,  figs.  7,  8,  10 

[not  figs.  5,   6,  9,   which  remain  under  Juglam 

scMmperi],  1878. 
Hollick,  Louisiana  Geol.  Survey  Special  Rept.  5,  p. 

330,  pi.  33,  fig.  1;  pi.  25,  fig.  3  [not  pi.  32,  fig.  6?; 

pi.  33,  fig.  2,  which  remain  under  Juglans  tch%mpm\f 

1899. 
Berry,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  182,  pi. 

18,  figs.  3,  5  [not  pi.  18,  fig.  4,  which  remains  under 

Juglans  schimpen]^  1916. 
Knowlton,  U.  S.  Geol.  Survey  Prof.  Paper  101,  pi.  64, 

fig.  1,  1918. 

Leaves  supposedly  pinnate;  leaflets  some- 
what variable  in  form  and  size,  from  aboutS 
to  18  centimeters  in  length,  3  to  6  centimeters 
wide,  generally  about  15  centimeters  long  and 
4  centimeters  wide,  broad  lanceolate,  broadest 
near  the  middle,  summit  acute,  base  rounded, 
imsymmetrical ;  margin  entire;  midrib  very 
strong,  straight;  secondaries  numerous,  about 
20  pairs,  rather  slender,  at  a  low  angle  of  emer- 
gence, slightly  curved  upward,  camptodrome, 
forming  a  series  of  bows  or  loops  along  the 
margin;  finer  nervation  not  well  retained,  but 
nervilles  mainly  oblique  to  the  secondaries  and 
unbroken. 

Juglans  occidentalis  was  named  and  de- 
scribed by  Newberry  in  1883  but  was  not 
figured  until  the  publication  of  his  "Later 
extinct  floras"  in  1898.  He  stated  that  there 
were  a  large  number  of  specimens  in  the  col- 
lection submitted  to  him,  some  of  which  "are 
found  attached  to  the  stems  that  bore  them, 
but  generally  separated  and  more  or  less  torn 
and  broken.     The  tree  was  evidently  a  strong- 
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growing  and  luxuriant  one,  for  some  of  the 
leaves  are  not  less  than  8  inches  in  length." 

Newberry  called  attention  to  the  fact  that 
his  specimens  were  from  the  same  locality  as 
that  which  furnished  the  leaves  described  by 
Lesquereux  as  Juglans  scMmperi  but  con- 
cluded that  the  two  were  not  identical,  be- 
cause Lesquereux  had  described  Juglans  schirn- 
peri  as  long,  narrow  leaves,  broadest  near  the 
base  and  with  a  camptodrome  nervation, 
whereas  Newberry  stated  that  in  Juglans  occi- 
dentalis  ^'a  large  part  of  the  lateral  nerves  ter- 
minate in  the  margins,  and  the  tertiary  nerva- 
tion is  more  open  and  irregular." 

The  figured  types  of  both  species  are  before 
me  and  disclose  that  Newberry  was  wrong  in 
saying  that  a  large  part  of  the  nerves  terminate 
in  the  margins  in  his  species;  they  are  all 
camptodrome  and  form  loops  along  the  mar- 
gin, exactly  as  described  by  Lesquereux  for 
his  Juglans  scMmperi.  This  character  there- 
fore fails,  and  the  only  way  of  distinguishing 
them  is  by  the  long,  narrow,  sharp-pointed 
leaflets  with  a  rounded  equal-sided  base  and 
slightly  more  acute-angled  secondaries  in 
Juglans  schimperi,  and  the  broader,  less  acu- 
minate leaflets  with  imequal-sided  base  and 
very  low-angled  secondaries  in  Juglans  occi- 
dentalis.  But,  as  pointed  out  in  the  discussion 
of  Julians  scMmperi  below,  the  possibihty 
should  be  considered  that  the  leaflets  now 
allocated  to  Juglans  scMmperi  may  be  terminal 
leaflets,  and  if  so  all  would  naturally  have  to 
be  included  under  Lesquereux's  species.  It  is 
also  pointed  out  in  the  discussion  of  Juglans 
scMmperi  that  the  disposition  mentioned  makes 
necessary  certain  transfers  of  figures  from  one 
to  the  other.  Thus,  those  of  Lesquereux's 
tjrpes  of  Juglans  scMmperi  will  go  to  Juglans 
occidentalis.  All  but  two  of  the  leaflets  iden- 
tified by  IloUick  as  Julians  scMmperi  from  the 
Wilcox  group  will  go  to  Juglans  occidentalism 
as  indicated  in  the  above  synonymy.  These 
figures  as  reproduced  by  Berry  in  his  paper  on 
the  Wilcox  flora  will  have  the  same  disposi- 
tion, and  the  leaflets  from  the  Raton  flora  that 
I  identified  as  Julians  scMmperi  ^nll  also  find 
place  under  Juglans  occidentalis. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo.  Wilcox  group,  Louisiana  and 
Mississippi.  Raton  formation,  northeastern 
New  Mexico  and  southeastern  Colorado. 


Juglans  schimperi  Lesquereux. 

Juglans  schimperi  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Kept,  for  1871,  Suppl.,  p.  8, 
1872;  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7  (Ter- 
tiary flora),  p.  287,  pi.  56,  figs,  5,  6,  9  [not  figs. 
7,  8,  10,  which=/u^/a7W  occidentalis  Newberry], 
1878. 
Hollick,  Louisiana  Geol.  Survey  Special  Rept.  5, 
p.  280,  pi.  32,  fig.  5?;  pi.  33,  fig.  2  [not  pi.  33,  fig.  1; 
pi.  35,  fig.  3,  which =Jw^Za7W  occidentalis  New- 
berry], 1899. 
Berr>%  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  182, 
pi.  18,  fig.  4;  pi.  19,  fig.  4?  [not  pi.  18,  figs.  3,  5, 
which= Ju^^Ti^  occidentalis  Newberry],  1916. 

Leaves  firm  in  texture,  pinnately  compound, 
leaflets  lanceolate,  8  to  14  centimeters  long,  2 
to  3.5  centimeters  wide,  broadest  near  the 
abruptly  rounded  and  equal-sided  base,  taper- 
ing to  a  long,  slender  point  above;  margin 
entire,  slightly  undulate;  petiolide  very  short; 
midrib  very  strong,  straight;  secondaries  nu- 
merous, about  18  pairs,  rather  thin,  emerging 
at  angles  of  40°  to  50°,  close,  parallel,  slightly 
curved  in  ascending  to  the  middle  of  the  area, 
but  more  and  gradually  curved  on  nearing  the 
margin,  which  they  closely  follow  in  simple 
bows;  secondaries  connected  by  close,  distinct 
nervilles,  generally  at  right  angles  to  them. 

Juglans  scMmperi  was  named  and  described 
by  Lesquereux  in  1872  but  was  not  figured 
imtil  the  publication  of  the  "Tertiary  flora'' 
in  1878.  Six  specimens  were  figured  as  the 
types,  and  all  are  in  the  United  States  National 
Museum  and  are  before  me.  Although  several 
of  the  specimens  are  fragmentary,  it  has  long 
seemed  to  me  that  they  show  differences  that 
might  amount  to  specific  distinctness,  but  they 
hjive  never  before  been  very  critically  exam- 
ined. Three  specimens  (Tertiary  flora,  pi.  56, 
figs.  5,  8,  9)  are  long,  narrowly  acuminate  leaf- 
lets with  an  equal-sided  base,  whereas  the  oth- 
ers (figs.  7,  8,  10)  are  markedly  unequal-sided  at 
the  base  and  have  the  secondaries  at  a  much 
lower  angle. 

A  few  years  later  Newberry  studied  a  large 
number  of  very  well  preserved  leaves  from  the 
same  locality  (Green  River,  Wyo.)  that  had 
supplied  Lesquereux's  types  of  Juglans  schim- 
peri, '  These  Newberry  ^®  described  and  figured 
under  the  name  Juglans  occidentalis.  It  needs 
but  a  glance  to  show  that  so  far  as  the  base  of 
the  leaflets  is  concerned  Juglans  occidentalis  is 
absolutely    identical    with    the    three    figures 

M  Newberry,  J.  S.,  U.  S.  Geol.  Survey  Mon.  35,  p.  34,  pi.  65,  fig.  1; 
pi.  66,  figs.  l-4c,  1898. 
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above  mentioned  (figs.  7,  8,  10)  of  Lesque- 
reux's  Juglans  schimperi,  and  the  question 
immediately  arises  as  to  the  disposition  that  is 
to  be  made  of  the  various  forms.  If  all  the 
specimens  figured  by  Lesquereux  as  types  of  his 
Juglans  schimperi  are  considered  as  conspecific, 
then  Newberry's  Juglans  occidentalis  must  be 
referred  to  it.  However,  it  seems  best  to  regard 
Juglans  schimperi  as  a  composite  species  and  to 
retain  the  narrow,  sharp-pointed  leaflets  with 
an  equal-sided  base  and  allocate  them  to  Les- 
quereux's  name,  referring  the  unequal-sided 
specimens  to  Julians  occidentalis.  The  possi- 
bility is  not  to  be  lost  sight  of,  however,  that 
the  narrow  leaflets  may  be  really  terminal  leaf- 
lets and  hence  would  be  likely  to  have  an  equal- 
sided  base,  but  thus  far  no  specimens  have 
been  foimd  that  show  the  leaflets  attached. 

The  proposed  splitting  up  of  Juglans  schim- 
peri makes  some  complications  with  certain 
subsequent  identifications.  Thus,  Hollick " 
referred  a  number  of  leaflets  from  the  Wilcox 
group  of  Louisiana  to  Julians  schimperi  Les- 
quereux. Of  the  four  examples  figured  only 
one  (pi.  33,  fig.  2)  appears  to  belong  to  Les- 
quereux's  species  as  now  restricted. 

HoUick's  figures  above  mentioned  were  re- 
published by  Berry  "^  in  his  paper  on  the  Wilcox 
flora,  but  only  figure  4  of  Plate  XVIII  is  to  be 
retained  under  Juglans  schimperi^  the  others 
going  to  Newberry's  species. 

In  my  report  on  the  flora  of  the  Raton  forma- 
tion'^  I  identified  a  single  leaflet  as  Juglans 
schimperi  on  the  ba^s  of  its  resemblance  to 
leaflets  so  identified  by  Hollick.  This  now 
becomes  Juglans  occidentalis. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo.  Wilcox  group,  Louisiana  and 
Mississippi.  Beds  of  Wilcox  age,  western 
Kentucky.  Denver  formation.  Golden,  Colo. 
Clamo  formation  (upper  part),  Bridge  Creek, 
Qreg, 

Juglans  crossii  Knowlton. 

Juglans  crossii  Knowlton,  U.  S.  Geol.  Survey  Bull.  152, 
p.  122,  1898. 

Juglans  derUiculata  Heer.  Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Rept.  for  1871,  p.  298, 1872; 
U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary- 
flora),  p.  289,  pi.  58,  fig.  1,  1878.  [Homonym, 
Weber,  1852.] 

I*  Hollick,  Arthur,  Louisiana  (Jeol.  Survey  Special  Rept.  5,  p.  280, 
pl.32,flg.5;  pi.  33,  figs.  1,2;  pi.  35,  fig.  3, 1899. 

••  Beiry,  E.  W.,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  182,  pi.  18,  figs. 
3-5;  pi.  19,  fig.  4, 1916. 

«  Knowlton,  F.  H.,  U.  8.  Geol.  Survey  Prof.  Paper  101,  p.  296,  pi.  64, 
fig.  1, 1918. 


The  first  locality  from  which  this  species  was 
identified  by  Lesquereux  appears  to  have  been 
the  Bozeman  coal  field  of  Montana,  in  beds 
presumed  to  belong  to  the  Livingston  forma- 
tion, but  the  only  specimen  figured  in  the 
''Tertiary  flora''  was  obtained  at  Green  River, 
Wyo.,  above  the  so-called  fish  beds.  This 
specimen  is  in  the  United  States  National 
Museum  (No.  482)  and  has  been  fairly  well 
described  and  figured.  This  species  has  also 
been  reported  from  the  Hanna  formation  of 
Carbon,  Wyo. 

Juglans  alkalina  Lesquereoz. 

Juglans  alkalina  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Bull.,  vol.  1,  p.  382,  1875  [1876];  idem,  Ann. 
Rept.  for  1874,  p.  308,  1876;  U.  S.  Geol.  Survey 
Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  288,  pi.  62, 
figs.  6-9,  1878. 

Leaves  pinnately  compound;  leaflets  lanceolate,  taper- 
ing upward  to  a  long  acumen,  either  narrowed  or  rounded 
to  a  short  petiole;  borders  crenulate;  lateral  veins  diBtant, 
mostly  alternate,  parallel,  separated  by  short  intermediate 
tertiary  veins,  curving  in  passing  toward  the  borders  at  an 
open  angle  of  divergence  and  ascending  high  along  them 
in  festoons;  nervilles  in  right  angle  to  the  veins,  branching 
in  the  middle,  and  forming  by  subdiviaionfl  irregularly 
quadrate  or  polygonal  meshes. — Lesquereux. 

Three  of  the  four  types  of  this  species — 
figures  6,  7,  and  8  of  Plate  LXII  in  the  ''Ter- 
tiary flora ' '  — are  preserved  in  the  United  States 
National  Museum  collections  (Nos.  527-529). 

Occurrence:  Green  River  formation.  Alkali 
stage  station,  30  miles  north  of  Green  River, 
Wyo. 

Juglans  Winchester!  Knowlton,  n.  sp. 

Plate  XXXVIII,  figure  5. 

Leaflet  firm  in  texture,  elliptical  or  ovate- 
elliptical,  strongly  unequal-sided,  broadest 
near  the  middle,  thence  gradually  narrowed  to 
an  apparently  rather  obtuse  apex  and  down- 
ward to  the  rounded  base ;  margin  entire  below, 
then  obscurely  toothed,  the  teeth  low;  petiole 
short,  very  thick  and  stout,  curved;  midrib 
very  thick  just  above  the  petiole,  very  much 
thinner  above;  secondaries  ten  or  twelve  pairs, 
alternate,  at  irregular  distances,  arising  at  very 
low  angles,  much  curved  upward,  campto- 
drome,  sending  slender  branches  to  the  mar- 
ginal teeth;  nervilles  strong. 

The  specimen  figured  is  the  only  one  of  this 
species  noted.  It  is  about  9  centimeters  long 
and  4.5  centimeters  wide.  The  petiole  is 
3  millimeters  thick  and  about  8  millimeters 
long. 
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OcciUTonce:  Green  River  formation,  Rio 
Blanco  County,  20  miles  west  of  Rio  Blanco 
post  office,  Colo.  (sec.  33,  T.  4  S.,  R.  100  W.), 
collected  by  D.  E.  Winchester,  1917. 

Order  FAGALES. 

Family  FAGACSAE. 

Qnercns  castaneopsis  Lesqnereux. 

Qliercus  castaneopsis  Lesquoreux,  U.  S.  Geol.  Survey  Terr. 

Rept.  vol.  8    (Cretaceoufl    and    Tertiary    floras), 

p.  155,  pi .  28,  fig.  10,  1883. 
Quercus  castanoides  Newberry,  U.  S.  Nat.  Mus.  Proc., 

vol.  5,  p.  506,  1883;  U.  S.  Geol.  Survey  Mon.  35, 

p.  70,  pi.  65,  fig.  6,  1898. 

Leaf  firm  in  texture,  lanceolate  or  narrowly 
ovate-lanceolate,  12  to  16  centimeters  long, 
2.5  to  6  centimeters  wide,  narrowly  acuminate 
at  the  apex,  rather  abruptly  rounded  to  a 
wedge-shaped  base;  margin  remotely  and 
somewhat  irregularly  set  with  coarse  teeth, 
some  of  them  spinous;  nervation  strong,  the 
midrib  especially  so,  straight;  secondaries 
numerous,  18  or  20  pairs,  unequally  spaced, 
emerging  nearly  at  right  angles,  slightly  curved 
upward,  all  camptodrome,  curving  near  the 
borders,  following  them  and  entering  the  short 
teeth  by  oblique  nervilles;  areolation  of  minute 
polygonal  meshes. 

This  description  is  drawn  from  the  type 
specimens  of  Quercus  castaneopsis  Lesquereux 
and  Quercus  castanoides  Newberry,  both  of 
which  are  preserved  in  the  United  States 
National  Museum  (Nos.  1575  and  7044,  re- 
spectively). Leaves  obviously  of  the  same 
species  were  described  independently  by  Les- 
quereux and  Newberry,  but  as  Lesquereux  ^s 
publication  antedates  that  of  Newberry  by  a 
few  months  his  name  is  selected  as  the  one  the 
species  is  to  bear.  Both  noted  the  resemblance 
to  leaves  of  Castanea  or  Castanopsisy  and  curi- 
ously enough  both  selected  almost  identical 
specific  names. 

Occurrence:  Green  River  formation,  Uinta 
(formerly  incorrectly  called  Randolph)  County 
Wyo.  (type  of  Quercws  castaneopsis .  Ltesque- 
reux);  Green  River,  Wyo.  (type  of  Quercus 
castanoides  Newberry). 

Order  TJBTICALES. 

FamUy  XJLMACEAE. 

Planera  inaequilateralis  (Lesquereux)  Knowlton,  n.  comb. 

Alnites  inaequilateralis  Lesquereux,  U.  S.  (ieol.  and  (Jeog. 
Survey  Terr.  Bull.,  vol.  1,  p.  381, 1875  [18701;  i^lem» 
Ann.  Rept.  for  1874,  p.  307,  1876;  U.  S.  Geol.  Sur- 


vey Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  141, 

pi.  62,  figs.  1-4, 1878. 
Alnus  inaequilateralis  Leequereux,  U.  S.  Geol.  Survey 

Terr.  Rept.,  vol.  8  (Chretaceous  and  Tertiary  floras), 

p.  151,  1883. 
Planera  variabilis  Newberry,  U.  S.  Nat.  Mus.  Proc.,  vol.  5, 

p.  508,  1882  [1883];  U.  S.  Geol.  Survey  Mon.  35, 

p.  83,  pi.  66,  figs.  5,  6  [not  fig.  7],  1898. 

Leaves  evidently  firm  in  textiu'e,  somewhat 
variable  in  size  (4  to  8  centimeters  long,  2.5  to 
6  centimeters  wide),  broadly  ovate  or  nearly 
oval,  acute  or  rather  obtusely  acute  at  apex, 
strongly  unequal-sided  at  the  rounded  or 
obtusely  wedge-shaped  base;  margins  crenu- 
late-dentate;  petiole  short  or  absent;  midrib 
strong,  straight;  secondaries  mainly  alternate, 
the  lowest  one  on  the  broad  side  of  the  leaf 
usually  with  several  outside  branches,  others 
considerably  curved  upward,  ending  in  the 
low  teeth  or  sending  out  minor  branches  that 
enter  the  teeth;  nervilles  at  right  angles  to 
the  secondaries,  mainly  unbroken. 

This  species  as  now  accepted  has  had  a  rather 
complicated  history.  The  original  material 
was  named  and  described,  but  not  figured,  by 
Lesquereux  in  1875,  imder  the  neme  Alnites 
inaequiUUeralis.  It  was  figured  in  the  ''Ter- 
tiary flora''  (pi.  62,  figs.  1-4)  in  1878,  but  only 
two  of  the  figured  types  (figs.  1  and  3)  are  now 
to  be  found  in  the  collections  of  the  United 
States  National  Museum.  On  the  publication 
of  the  ''Oetaceous  and  Tertiary  floras,''  in 
1883,  Lesquereux  changed  the  generic  name  to 
Alnus. 

Subsequently  C.  A.  White  made  a  large  col- 
lection of  plants  from  the  same  region  that  had 
supplied  Lesquereux's  Alnites  or  Alnus  inae- 
quilaieralis.  This  material  was  described  by 
Newberry"  in  1883  and  contained  several 
leaves  that  he  named  Planera  variabilis.  These 
were  not  figured,  however,  until  1898,"  when 
it  was  at  once  apparent  that  at  least  two  of  his 
figured  types  (figs.  5,  6)  were  identical  with 
Lesquereux's  Alnus  inaequilateralis. 

Of  course  Lesquereux's  specific  name  has 
priority,  but  a  question  arises  as  to  the  proper 
generic  designation.  It  does  not  seem  to  me 
that  these  leaves  can  belong  to  Alnus,  in 
which,  so  far  as  I  know,  the  leaves  are  sym- 
metrical at  the  base.  I  have  transferred  them 
to  Planera,  the  genus  adopted  by  Newberry, 
although  it  is  to  be  admitted  that  they  differ 


M  Newberry,  J.  S.,  V.  S.  Nat.  Mus.  Proc.,  vol.  6,  p.  508, 1883. 
M  U.  S.  (leoh  Survey  Mon.  35,  p.  83,  pi.  66, 1898. 
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in  some  particulars  from  leaves  of  the  mono- 
typic  living  genus.  The  leaves  of  the  living 
species,  Planera  dqiuUica  Gmelin,  are  5  or  6 
centimeters  long,  2  to  3  centimeters  wide, 
unequally  wedge-shaped  or  rounded  at  the 
base,  and  with  the  margins  coarsely  crenulate- 
serrate.  They  do  not  appear  to  have  the  lower 
secondary  on  the  broad  side  of  the  leaf 
branched,  but  otherwise  the  difference  is  not 
great  between  these  leaves  and  those  of  the 
fossil  form  under  consideration. 

Occurrence:  Green  River  formation,  Alkali 
stage  station,  Wyo.  (type  locaUty  for  Alnus 
inaequilateralis  Lesciuereux) ;  Green  River, 
Wyo.  (type  locality  for  Planera  variabiJis  New- 
berry). 

Famny  MORACEAE. 

Ficus  ungeri  Lesquereux. 

Ficus  ungeri  Leequereux,  U.  S.  (ler^l.  and  Oeog.  Survey 
Terr.  Ann.  Rept.  for  1871,  Suppl..  p.  7,  1872;  U.  S. 
Geol.  Surv^ey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  p. 
195,  pi.  30,  fig.  3,  1878;  idem,  vol.  8  (Cretaceous  and 
Tertiar>'  floras),  p.  1()3,  pi.  44,  figs.  1-3,  1883. 

The  type  of  this  species  is  the  specimen 
figured  ;in  the  ^^ Tertiary  flora''  (pi.  30,  fig.  3) 
and  is  No.  265  in  the  United  States  National 
Museum;  it  is  very  well  described  and  figured. 
It  came  from  Green  River,  Wyo.,  where  it 
was  found  above  the  so-called  fish  beds. 

The  specimens  figured  in  the  *^  Cretaceous 
and  Tertiary  floras''  (pi.  44,  figs.  1-3)  are  all  in 
the  Museum  collection  (Nos.  1598,  1599,  1600). 
They  came  from  Alkali  stage  station,  which  is 
about  30  miles  north  of  Green  River,  Wyo. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo.,  above  fish  beds  (type) ;  Alkali 
stage  station,  30  miles  north  of  Green  River, 
Wyo. 

Ficus  wyomingiana  Lesquereux. 

Ficus  wyomingiana  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Hull.,  vol.  1.  p.  387,  1875  [1876]:  idem, 
Ann.  Rept.  for  1874,  p.  314.  1870;  U.  S.  Geol.  Sur- 
vey Terr.  Rept.,  vol.  7  (Tertiarv-  flora),  p.  205,  pi. 
33,  fig.  3,  187S. 

The  type  and  so  far  iis  known  the  only  speci- 
men of  this  species  thus  far  found  is  in  the 
United  States  National  Museum  collection  (No. 
289).  It  is  fragmentary,  lacking  all  of  the 
upper  portion  and  much  of  one  side.  As  Les- 
quereux has  said,  this  leaf  is  strikingly  similar 
in  general  appearance  to  Ficu.^t  pseudo-popiihis 
Lesquereux,  which  was  described  from  mate- 
rial collected  at  Evanston,  Wyo.,  and  which  has 
since  been  found  abundantly  in  the  Raton  for- 


I  mation  of  eastern  Colorado  and  northeastern 
j  New  Mexico  and  the  Wilcox  group  of  the  Gulf 
region.  It  diflFers,  however,  in  having  the 
lateral  ribs  running  nearly  or  quite  to  the  apex 
of  the  blade  and  in  the  absence  of  any  secondary 
branches,  the  space  between  the  midrib  and 
the  lateral  ribs  as  well  as  between  the  ribs  and 
the  margin  being  filled  with  numerous  fine 
nervilles,  which  are  nearly  at  right  angles  to 
the  midrib. 

Occurrence:  Green  River  formation.  Green 
River^  Wyo. 

Ficus  tenuinervis  Lesquereux. 

Ficus  tenuiniTvis  Lesquereux,  V.  S.  Geol.  Survey  Terr. 
Rept.,  vol.  8  (('reta<'eou.s  and  Tertiary  floras), 
p.  104,  pi.  44,  fig.  4,  1883. 

Tliis  is  a  mere  fragment  of  the  basal  part  of 
a  leaf  that  Lesquereux  says  is  ''oblong,  or 
lanceolate,  tripalmately  nerved,  roimded  at 
base,  entire.^*  As  it  stands  it  is  of  com- 
paratively little  value,  for  it  probably  could 
not  be  identified  again. 

Occurrence:  Green  River  formation,  Alkali 
stage  station,  about  30  miles  north  of  Green 
River,  Wyo. 

Order  PBOTBALES. 

Family  PBOTEACEAE. 

Lomatia?  microphylla  Lesquereux. 

Lomatia  microphylla  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Bull.,  vol.  1,  p.  389, 1875  [1876];  idem, 
Ann.  Rept.  for  1874,  p.  346,  1876;  U.  S.  Geol. 
Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  211, 
pi.  65,  figs.  14,  15,  1878. 

Described  by  Lesquereux  as  follows: 

Iveavea  very  small,  coriaceous,  entire,  linear-lanceolate, 
gradually  narrowed  from  the  middle  to  a  point  and  in  the 
same  degree  to  the  base;  secondary  veins  simple,  abruptly 
curWng  near  the  borders  and  following  them  or  entering 
a  marginal  band. 

Tlie  two  figured  specimens  on  which  this 
species  is  based  are  not  now  known  to  be  in 
existence.  The  smaller  is  about  2  centimeters 
long  and  the  larger  one  only  3  centimeters 
long;    the  width  is  2  to  4  millimeters. 

The  generic  reference  of  these  little  leaves  is 
extremely  uncertain.  It  is  to  be  doubted  if 
they  are  correctly  plaoed  in  Lorruvtiaj  though 
they  somewhat  resemble  certain  forms  from 
the  wSwiss  Miocene  so  referred  by  Heer.  They 
suggest  leaflets  of  MimositeSj  of  Sophoraf  or  of 
SapiiiduSy  such  as  Sapindus  aiigustifolius  Les- 
quereux. 

Occurrence:  Green  River  formation,  near 
mouth  of  White  River  (emptying  into  Green 
River) ,  Wyo. 
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Older  THTMELEALES. 

Family  LAXJSACEAE. 

Oreodaphne  yiridiflumensis  KnowUon,  n.  sp. 

Plate  XXXVIII,  figure  6. 

Leaf  coriaceous  in  texture,  lanceolate,  long 
wedge-shaped  at  the  base,  probably  about 
equally  narrowed  above,  about  12  centuneters 
long,  3  centimeters  wide;  margin  perfectly 
entire;  petiole  very  strong,  1  centimeter  long, 
over  2  millimeters  thick;  midrib  straight,  very 
thick  below  and  in  the  middle  of  the  leaf  but 
becoming  thin  above;  secondaries  somewhat 
irregular,  lowest  pair  subopposite,  thin,  at  an 
angle  of  about  40°,  each  running  up  for  some 
distance  and  joining  the  secondary  next  above 
by  a  broad  loop;  next  secondaries  alternate, 
much  stronger,  each  joining  the  one  above  by  a 
loop  far  inside  the  margin,  then  with  a  series 
of  large  bows  on  the  outer  side;  other  second- 
aries similar,  alternate,  with  a  few  intermediate 
secondaries  joining  the  primary  ones;  nervilles 
very  numerous,  mostly  broken,  forming  large 
rectangular  areas,  and  filled  with  irregularly 
quadrangular  areas  and  these  again  with  still 
finer  nerves. 

This  is  a  very  fine  species,  but  unfortunately 
it  is  represented  by  only  the  lower  half  of  a 
leaf,  though  this  is  absolutely  perfect.  It  may 
be  known  by  its  narrowly  lanceolate  shape, 
short,  very  thick  petiole,  unusually  thick  mid- 
rib, and  the  peculiar  arching  and  branching 
secondaries. 

In  shape  and  size  this  species  seems  nearest 
to  Oreodaphne  salinensis  Berry,®*  from  the 
Wilcox  group  of  Arkansas,  but  it  differs  in 
nervation,  especially  in  the  secondaries. 

Occurrence:  Green  River  formation,  Rio 
Blanco  County,  about  40  miles  southwest  of 
Meeker,  Colo.,  collected  by  D.  E.  Winchester, 
1917. 

Pimelea  spatulata  Knowlton,  n.  sp. 

Plate  XXXVII,  figure  6 

Leaf  apparently  firm  in  texture,  narrowly 
spatulate,  broadest  in  the  upper  third,  whence 
it  tapers  to  an  acuminate  apex  and  downward 
into  a  long,  narrowly  wedge-shaped  base  that 
merges  with  the  petiole;  nervation  consisting  of 
a  relatively  strong  midrib  and  numerous  thin, 
close,  nearly  parallel  secondaries. 

••Berry,  E.  W.,  U.  S.  (leol.  Survey  J'rof.  Paper  91,  p.  303,  pi.  82, 
flgi.  1, 2, 1917. 


This  little  leaf,  which  is  the  only  one  noted  in 
the  collection,  is  very  narrowly  spatulate,  about 
17  millimeters  long  including  the  petiole,  and 
about  4  millimeters  wide.  The  base  is  so 
merged  into  the  petiole  that  no  more  than  a 
length  of  4  millimeters  can  be  considered  as 
petiole. 

Tliis  species  seems  to  approach  most  closely 
Pimelea  delicatula  Lesquereux,*^  from  the  lake 
beds  at  Florissant,  Colo.,  but  differs  in  ieing 
much  smaller  and  narrower  and  in  the  appar- 
ently somewhat  thicker  substance  of  the  leaf. 

Occurrence:  Green  River  formation,  oil  shale. 
Cathedral  Bluff,  south  of  Little  Tommies  Draw, 
Rio  Blanco  County,  about  20  miles  west  of 
Rio  Blanco  post  office,  Colo.,  collected  by 
D.  E.  Winchester,  1917. 

Order  RANALES. 

Family  NTMPHAEACEAE. 

Brasenia?  antiqua  Newberry. 

Brasenia  antiqua  Newberry,  U.  S.  Nat.  Mu8.  Proc,  vol. 
5,  p.  514,  1882  [1883];  U.  S.  Geol.  Survey  Mon.  35, 
p.  93,  pi.  68,  fig.  7,  1898. 

The  type  of  this  species  is  No.  7018  of  the 
United  States  National  Museum  collections  and 
has  been  well  described  and  figured  by  New- 
berry.  No  additional  material  has  been  pro- 
cured,  and  hence  there  is  nothing  to  make  the 
identification  either  more  or  less  certain. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo. 

Order  BOSALES. 

FamUy  GBASSULACEAE? 

Sedum?  hesperium  Knowlton,  n.  sp. 
Plate  XXXVII,  figure  7. 

Leaf  apparently  thick  and  fleshy,  broadly 
lanceolate,  widest  near  the  middle,  thence  nar- 
rowed to  the  obtusely  wedge-shaped  base, 
obtuse  and  obscurely  three-lobed  at  the  apex; 
margin  with  two  or  three  large  teeth  or  lobes 
on  each  side;  petiole  very  thick  and  stout; 
nervation  peculiar,  consisting  of  a  rather  strong 
midrib  and  numerous  thin  veins  that  arise  in 
the  lower  part  of  the  blade  and  spread  out,  a 
few  of  them  forking  to  occupy  the  area  be- 
tween midrib  and  margin. 

This  form  is  represented  by  the  single  speci- 
men figured.  It  is  about  2.4  centimeters  long 
and  1  centimeter  wide,  with  the  thick  petiole 

«  Lesquereux,  Leo,  U.  8.  Geol.  Survey  Terr.  Kept.,  vol.  8  (Cretaceous 
and  Tertiary  floras),  p.  168,  pi.  33,  figs.  15. 16, 1883. 
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2  millimeters  long.  It  is  a  very  peculiar  leaf, 
well  characterized  by  the  thick,  evidently 
fleshy  substance,  .obtuse,  three-lobed  apex, 
several  large  irregular  lobes  or  teeth,  and  above 
all  by  the  thick  petiole,  strong  midrib,  and 
thin,  longitudinal  veins. 

I  am  uncertain  as  to  its  affinity.  I  have 
referred  it  with  a  question  to  Sedum  on  account 
of  its  fleshy  character  and  resemblance  to 
the  living  Sedum  tdephioides  Michaux,  but  this 
resemblance  may  be  only  superficial.  In  any 
event  it  may  be  easily  recognized  in  future,  and 
more  and  better  material  may  serve  to  place 
it  more  certainly. 

Occurrence:  Green  River  formation,  Cathe- 
dral Bluff,  south  of  Little  Tonmiies  Draw,  20 
miles  west  of  Rio  Blanco  post  office,  Rio 
Blanco  County,  Colo.,  collected  by  D.  E.  Win- 
chester, 1917. 

FamUy  DRUPACEAE. 

Amygdalus  gracilis  Lesquereux. 

Amygdalus  gracilis  Leequereux,  U.  S.  Geol.  Survey  Terr. 
Rept.,  vol.  8  (CreUceoiifl  and  Tertiary  florae),  p. 
199,  pi.  40,  figs.  12-15;  pi.  44,  fig.  6,  1883. 
PenhaUow,    Report   on   Tertiary   plants  of   British 
Columbia,  p.  37, 1908. 

Lesquereux  characterized  this  species  as 
follows: 

Leaves  ovate-lanceolate,  gradually  narrowed  to  the 
acuminate  point  and  in  the  same  degree  to  the  petiole; 
serrulate;  lateral  nerves  at  a  more  or  lees  acute  angle  of 
divergence,  much  curved,  camptodrome  and  reticulate 
along  the  borders. 

These  fine  leaves  of  solid  membranaceous  tissue  average 
7  centimeters  long  and  2  centimeters  broad,  with  a  slender 
petiole  about  2  centimeters  long.  They  are  more  or  lees 
distinctly  minutely  serrate;  the  nerves,  open  at  base  and 
much  curved  toward  the  borders,  are  joined  by  undulate 
nervilles  nearly  at  right  angles. 

There  appears  to  be  much  confusion  regard- 
ing this  species.  It  is  based  on  five  figured 
specimens,  one  of  which  (the  original  of  pi.  40, 
fig.  12,  of  the  ''Cretaceous  and  Tertiary  floras") 
is  said  to  be  in  the  Museum  of  Princeton  Uni- 
versity; the  others  should  be  in  the  United 
States  National  Museum,  but  only  one  can 
now  be  found.  The  original  of  figure  6  of 
Lesquereux^s  Plate  XLIV  is  said  to  have  come 
from  Uinta  Coimty  (formerly  incorrectly  called 
Randolph  Comity),  Wyo.,  but  this  specimen 
is  missing.  All  the  specimens  shown  on  Ids 
Plate  XL  (figs.  12  to  15)  are  supposed  to  have 
come    from    Florissant,    Colo.,    but    the    only 


specimen  available  (the  original  of  fig.  13) 
is  No.  1588  of  the  United  States  National 
Museum  and  is  recorded  as  coming  from  Uinta 
Coimty,  Wyo.,  and  this  record  is  borne  out  by 
the  matrix,  which  is  clearly  identical  with  the 
others  from  Uinta  County  and  wholly  xmlike 
the  Florissant  material.  This  species  has 
not  been  identified  in  any  of  the  recently 
studied  material  from  Florissant,  and  unless 
the  missing  specimens  can  ultimately  be 
shown  to  have  come  from  that  locaUty  it  should 
be  dropped  from  the  Florissant  list. 

Two  of  the  figured  types  of  Amygdalus 
gracilis  (pi.  40,  figs.  14,  15)  are  poorly  preserved 
fruits  of  which  Lesquereux  wrote  as  follows: 
*^The  fruits  appear  to  belong  to  this  genus  and 
possibly  to  this  species.  The  reference  is  of 
course  hypothetical. ''  Without  access  to  the 
original  specimens  it  is  impossible  to  say  m.uch 
about  them,  and  to  judge  from  the  figures 
alone  there  seems  very  Uttle  warrant  for  refer- 
ring them  to  Amygdalus  and  absolutely  none 
for  connecting  them  with  these  leaves. 

Occurrence :  Green  River  formation.  Uinta 
County  (formerly  erroneously  called  Randolph 
County),  Wyo.  All  reference  to  the  occur- 
rence in  the  Florissant  lake  beds  is  extremely 
doubtful. 

Family  PAPILIONACEAS. 
Dalbergia  viridiflamensis  Knowltoii,  n.  ap. 

Plate  XL,  figure  10. 

Leaflet  small,  very  thick  in  textiu^e,  obovate, 
strongly  emarginate  at  the  apex,  wedge-shaped 
at  the  base,  length  15  millimeters,  width  11 
millimeters;  petiolule  slender,  4  milUmeters 
long;  margin  perfectly  entire;  midrib  very 
strong,  especially  on  the  imder  side  of  the  leaf, 
straight;  secondaries  thin  but  distinct,  seven 
or  eight  pairs,  at  an  acute  angle,  camptodrome, 
probably  imiting  with  each  other,  but  this 
point  is  obscure. 

Unfortunately  this  specimen  is  the  only  one 
found  in  the  collection,  but  it  is  so  well  marked 
that  it  can  easily  be  recognized. 

The  genus  Dalhergia  is  a  large  one,  com- 
prising over  80  species,  mainly  of  the  Tropics 
of  both  Old  and  New  worlds.  Many  of  the 
species  have  similar  leaves  and  hence  are  hard 
to  separate  on  this  character  alone.  Among 
th(^  25  or  more  fossil  species  that  have  been 
described   the  one  perhaps  approached  most 
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doeely  by  the  present  form  is  Dalbergia 
eocenica  Berry ,••  from  the  Lagrange  formation 
of  Puryear,  Tenn.  D.  viridiflumensis  differs 
from  tiiat  species,  however,  in  being  more 
r^ularly  obovate  and  in  being  petiolulate 
instead  of  sessile. 

Occurrence:  Green  River  formation,  Rio 
Blanco  Coimty,  20  miles  west  of  Rio  Blanco 
post  office,  Colo.  (sec.  33,  T.  4  S.,  R.  100  W.), 
collected  by  D.  E.  Winchester,  1917. 

Dalbergia  retnsa  KnowUon,  n.  sp. 

Plate  XL,  figures  5,  6. 

Leaflet  thick  in  texture,  elliptical,  strongly 
retuse  at  the  apex,  abruptly  rounded  and 
equilateral  at  the  base;  petiolule  short,  very 
strong;  midrib  very  strong;  secondaries  thin, 
immersed  in  the  leaf  substance,  at  a  low  angle 
of  emergence,  camptodrome,  forming  loops  just 
inside  the  margin;  fine  nervation  not  discern- 
ible. 

Unfortunately  this  species  is  represented 
only  by  a  jingle  leaflet  with  its  counterpart, 
both  of  which  have  been  figured,  as  there  are 
certain  features  that  can  not  be  seen  from 
either  impression.  It  is  regularly  eUiptical  or 
slightly  broader  above  the  middle,  being  about 
2.5  centimeters  long  and  2  centimeters  wide. 
The  very  thick  petiolule  is  2  millimeters  long. 
With  the  exception  of  the  strong  midrib  the 
nervation  is  rather  obscure  but  is  thought  to 
be  as  described  above. 

This  little  leaflet  seems  referable  to  the  genus 
Dalbergia  on  the  ground  of  being  strongly 
retuse  at  the  apex  and  slightly  broader  above 
the  middle  and  having  the  typo  of  nervation 
usual  in  the  genus.  It  is,  for  instance,  very 
similar  to  Dalbergia  eocenica  Berry,®^  from  the 
Lagrange  formation  (in  beds  of  Wilcox  age)  of 
western  Tennessee,  except  as  regards  size.  It 
also  resembles  certain  leaflets  from  the  Swiss 
Miocene  described  by  Heer.^® 

Dalbergia  retusa  is  also  similar  to  Simaruha 
eocenica  Berry  ~  and  Canavalia  eoceni<:a  Berry,^^ 
both  from  the  Wilcox  group. 

Occurrence:  Green  River  formation.  Little 
Duck  Creek,  Rio  Blanco  County,  about  50 
miles  southwest  of  Meeker,  Colo. ;  collected  by 
D.E.Winchester,  1917. 

•  Berry,  E.  W.,  U.  S.  Geol.  Siiney  Prof.  Paper  91,  p.  245,  pi.  53.  figs. 
1,  2, 1916. 

^  Idem. 

•  Heer,  Oswald,  Flora  tertiarla  Ilelvetiae,  vol.  3,  pi.  133, 1859. 

•  Op.  clt.,  pi.  54,  fig.  7. 
»  Op.  cit.,  pi.  53,  fig.  3. 


Legaminosites  alt^mans  Lesqaerenx. 

Legvminosites  altemans  Lesquereux,  U.  S.  Oeol.  and 
Geog.  Survey  Terr.  Bull.,  vol.  1,  p.  388, 1875  [1876]; 
idem,  Ann.  Rept.  for  1874,  p.  315, 1876;  U.  S.  Geol. 
Survey  Terr.  Rept.,  vol.  8  (CretaceouB  and  Ter- 
tiary floras),  p.  202, 1883. 

Leaflet  lanceolate,  narrowed  to  the  sessile  base  (point 
broken),  apparently  tapering  and  acute;  secondary  veins 
close,  numerous,  15  pairs  in  a  space  of  2.5  centimeters, 
with  indeterminate  shorter  tertiary  veins  anastomosing  by 
crossing  veinlets;  areolation  obsolete. 

This  leaf  is  comparable  to  a  Dalbergia  or  a  Podogonium 
by  its  nervation;  its  form,  especially  the  narrowed  base, 
is  comparable  to  Cassia. 

The  above  description  by  Lesquereux  is  all 
that  has  been  written  concerning  this  species. 
The  type  or  types  are  not  known  to  be  in 
existence,  and  as  it  was  never  figured  its  status 
must  be  considered  more  or  less  unsatisfactory. 

Occurrence:  Green  River  formation,  near 
mouth  of  White  River  (emptying  into  Green 
River),  Wyo. 

Sophora  cdoradensis  Knowlton,  tl  sp. 

Plate  XXXVII,  figures  14-16;  Plate  XL,  figure  11. 

Leaflets  rather  thin  in  texture,  ovate  or 
ovate-elliptical,  obtuse  and  rounded  at  the 
apex,  abruptly  rounded  or  obtusely  wedge- 
shaped  at  the  base;  petiolule  short,  stout; 
midrib  moderately  strong,  straight;  seconda- 
ries few,  mainly  opposite,  thin,  at  a  low  angle, 
camptodrome,  forming  broad  loops,  especially 
in  the  upper  part. 

The  smallest  of  the  several  leaflets  referred 
to  this  species  (fig.  14)  is  about  2.25  centi- 
meters long  and  1.8  centimeters  wide,  and  the 
largest  (fig.  16)  about  4  centimeters  long  and 
2  centimeters  wide.  In  both  these  leaflets  the 
base  is  obtusely  wedge-shaped,  but  in  another 
example  (fig.  16)  the  base  is  much  more 
abruptly  rounded — in  fact,  almost  truncate. 
It  is  nearly  2.5  centimeters  wide  and  was 
probably  not  far  from  5  centimeters  long. 

Tliis  species  suggests  some  of  the  forms  of 
Sophora  irilcoxiatia  Berry, ^^  from  the  Wilcox 
group,  but  is  more  ovate  or  ovate-elliptical 
and  has  more  arched  secondaries. 

Occurrence:  Green  River  formation.  Little 
Duck  Creek,  Rio  Blanco  County,  about  50 
miles  southwest  of  Meeker,  and  Camp  Gulch, 
25  miles  northwest  of  De  Beque,  Colo.,  col- 
lected by  U.  E.  Winchester,  1917. 

»  Berry.  E.  W.,  I'.  S.  Geol.  Survey  Prof.  Paper  91,  p.  241.  pi.  47, 
figs.  1-13, 1916. 
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2  millimeters  long.  It  is  a  very  peculiar  leaf , 
well  characterized  by  the  thick,  evidently 
fleshy  substance,  .obtuse,  three-lobed  apex, 
several  large  irregular  lobes  or  teeth,  and  above 
all  by  the  thick  petiole,  strong -midrib,  and 
thin,  longitudinal  veins. 

I  am  uncertain  as  to  its  aflSnity.  I  have 
referred  it  with  a  question  to  Sedum  on  account 
of  its  fleshy  character  and  resemblance  to 
the  living  Sedum  telephioides  Michaux,  but  this 
resemblance  may  be  only  superficial.  In  any 
event  it  may  be  easily  recognized  in  future,  and 
more  and  better  material  may  serve  to  place 
it  more  certainly. 

Occurrence:  Green  River  formation,  Cathe- 
dral Bluff,  south  of  Little  Tonunies  Draw,  20 
miles  west  of  Rio  Blanco  post  office,  Rio 
Blanco  County,  Colo.,  collected  by  D.  E.  Win- 
chester, 1917. 

Family  DRXTPACEAE. 

Amysdalus  gradlls  Lesquereox. 

Amygdalus  gracilis  Lesquereux,  U.  S.  Geol.  Survey  Terr. 
Rept.,  vol.  8  (Cretaceous  and  Tertiary  florae),  p. 
199,  pi.  40,  figs.  12-15;  pi.  44,  fig.  6,  1883. 
PenhaUow,    Report   on  Tertiary   plants  of   British 
Columbia,  p.  37, 1908. 

Lesquereux  characterized  this  species  as 
follows: 

Leaves  ovate-lanceolate,  gradually  narrowed  to  the 
acuminate  point  and  in  the  same  degree  to  the  petiole; 
serrulate;  lateral  nerves  at  a  more  or  lees  acute  angle  of 
divergence,  much  curved,  camptodrome  and  reticulate 
along  the  bordere. 

These  fine  leaves  of  solid  membranaceous  tissue  average 
7  centimeters  long  and  2  centimeters  broad,  with  a  slender 
petiole  about  2  centimeters  long.  They  are  more  or  lees 
distinctly  minutely  serrate;  the  nerves,  open  at  base  and 
much  curved  toward  the  borders,  are  joined  by  undulate 
nervilles  nearly  at  right  angles. 

There  appears  to  be  much  confusion  regard- 
ing this  species.  It  is  based  on  five  figured 
specimens,  one  of  which  (the  original  of  pi.  40, 
fig.  12,  of  the  "Cretaceous  and  Tertiary  floras  ") 
is  said  to  be  in  the  Museum  of  Princeton  Uni- 
versity; the  others  should  be  in  the  United 
States  National  Museum,  but  only  one  can 
now  be  found.  The  original  of  figure  6  of 
Lcsquereux's  Plate  XLIV  is  said  to  have  come 
from  Uinta  County  (formerly  incorrectly  called 
Randolph  County),  Wyo.,  but  tliis  specimen 
is  missing.  All  the  specimens  shown  on  his 
Plate  XL  (figs.  12  to  15)  are  supposed  to  have 
come    from    Florissant,    Colo.;    but    the    only 


specimen  available  (the  original  of  fig.  13) 
is  No.  1588  of  the  United  States  National 
Museum  and  is  recorded  as  coming  from  I^ta 
County,  Wyo.,  and  this  record  is  borne  out  by 
the  matrix,  which  is  clearly  identical  with  the 
others  from  Uinta  County  and  wholly  unlike 
the  Florissant  material.  This  species  has 
not  been  identified  in  any  of  the  recently 
studied  material  from  Florissant,  and  unless 
the  missing  specimens  can  ultimately  be 
shown  to  have  come  from  that  locaUty  it  should 
be  dropped  from  the  Florissant  list. 

Two  of  the  figured  types  of  Amygdalus 
gracilis  (pi.  40,  figs.  14,  15)  are  poorly  preserved 
fruits  of  which  Lesquereux  wrote  as  follows: 
^'The  fruits  appear  to  belong  to  this  genus  and 
possibly  to  this  species.  The  reference  is  of 
course  hypothetical.  '^  Without  access  to  the 
original  specimens  it  is  impossible  to  say  much 
about  them,  and  to  judge  from  the  figures 
alone  there  seems  very  httle  warrant  for  refer- 
ring them  to  Amygdalus  and  absolutely  none 
for  connecting  them  with  these  leaves. 

Occurrence :  Green  River  formation.  Uinta 
County  (formerly  erroneously  called  Randolph 
County),  Wyo.  All  reference  to  the  occur- 
rence in  the  Florissant  lake  beds  is  extremely 
doubtful. 

Family  PAFIUONACSAE. 
Dalbergia  viridiflameiisis  Knowltcm,  n.  b^ 

Plate  XL,  figure  10. 

Leaflet  small,  very  thick  in  texture,  obovate, 
strongly  emai^inate  at  the  apex,  wedge-shaped 
at  the  base,  length  15  millimeters,  width  11 
millimeters;  petiolule  slender,  4  millimeters 
long;  margin  perfectly  entire;  midrib  very 
strong,  especially  on  the  imder  side  of  the  leaf, 
straight;  secondaries  thin  but  distinct,  seven 
or  eight  pairs,  at  an  acute  angle,  camptodrome, 
probably  uniting  with  each  other,  but  this 
point  is  obscure. 

Unfortunately  this  specimen  is  the  only  one 
found  in  the  collection,  but  it  is  so  well  marked 
that  it  can  easily  be  recognized. 

The  genus  Dalbergm  is  a  large  one,  com- 
prising over  80  species,  mainly  of  the  Tropics 
of  both  Old  and  New  worlds.  Many  of  the 
species  have  similar  leaves  and  hence  are  hard 
to  separate  on  this  character  alone.  Among 
the  25  or  more  fossil  species  that  have  been 
described   the  one  perhaps  approached  most 


Sophora  colondenBis  Knowllon,  n.  ep. 
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closely    by    the    present    form    is    D(^erffia  L«««intaoritefl  ■HAnmiw  I*«qnw««. 

eoceniea  Berry,"  (rom  the  Lagrai^e  formation  Ugwninotila  aUemam  Lwquereux,   U.   S.  Geol.  and 

of  Pmyear,  Tenn.     D.  viridiflumerma  differs  Goog.  Survey  Terr.  Bull.,  vol.  l,  p.  388, 1876(1876]; 

from   that  species,   however,   in   being   more  Wem,  Ann.  R«pt.  for  1874,  p.  315, 1876;  U.  S.  Geol. 

"^ 'of  .°^r  ""*  "  '"'"^  """'"''"         a^a-Tp. «;™'- '  '"""^ '"'  ^"^ 

„                       j~^            T,.           I            ■           Tf  Leaflet  lanceolate,  narrowed  to  the  aewile  base  (point 

Occurrence:  Green     River    formation,     Rio  broken),  apparently  tapering  and  acute;  aecondary  veina 

Blanco  County,  20  miles  west  of  Rio  Blanco  close,  numerous,  15  pairs  in  a  space  of  2.5  centimeters, 

post  oflSce,  Colo.   (sec.  33,  T.  4  S.,  R.  100  W.),  with  indeterminate  shorter  tertiary  veins  anastomoaing  by 

collected  by  D.  E.  Winchester,  1917.  crossiiig  veinlets;  areolation  obsolete. 

This  leaf  is  comparable  to  a  Dalbergia  or  a  Podogonium 

DalbOTgia  rctusa  Enowlton,  n.  ep.  ^y  ila  nervation;  ila  form,  especially  the  narrowed  base, 

Plat«  XL,  flgurea  5,  6.  ia  comparable  to  Cas$ia. 

Leaflet  tluck  in  texture,  elliptical,  strongly  xhe  above  description  by  Leaquereux  is  all 

retuse   at   the   apex,    abruptly   rounded    and  that  has  been  written  concerning  this  species, 

equilateral  at  the  base;  petiolule  short,  very  The  type  or  types  are  not  known  to  be  in 

strong;  midrib  very  strong;  secondaries  thin,  existence,  and  as  it  was  never  figured  its  status 

immersed  in  the  leaf  substance,  at  a  low  angle  mygt  be  considered  more  or  less  unsatisfactory. 

ofemerg6nce,camptodrome,  forming  loops  just  Occurrence:  Green    River  formation,    near 

inside  the  margin;  fine  nervation  not  discern-  mouth  of  White  River  {emptying  into  Green 

ible.  River),  Wyo. 

Unfortunately   this   species  is   represented 
only  by  a  .single  leaflet  with  its  counterpart, 

bodi  of  which  have  been  figured,  as  there  are  Plate  XXXVII,  figures  14-16;  Plate  XL,  figure  11. 

certain  featumi  that  can  not  be  seen  from  j^^^^  ^^^^^  ,y^  ^  ^^^^^  ^^^^  ^^ 

ejther  unpre^ion     It  ■■  regularly  .Uiphcal  or  „^„„„i  ti„j,  „|,t„,e  and   rounded    at  the 

shghtly  broader  above  the  middle,  bemg  about  abruptly  rounded  or  obtusely  wedge- 

2  5  centimeters  long  and  2  centuneters  wide.  ^^^   ,,   jj^^  ^^          ^■^^^^^  ,b„rt,  stout; 

The  very  thick  petiolule  Is  2  miUmieters  long.  ^^-^  „„d,„tely  strong,  straight;  seconda- 

With  the  exception  of  the  strong  midnb  the  ^^^  f^^  ^^inly  opposite,  thin,  at  a  low  angle, 

nervation  is  rather  obscure  but  is  thought  to  c^mptodrome,  forming  broad  loops,  especially 

be  as  dfscnbed  above.  in  the  upper  part. 

This  little  Met  seems  referable  to  the  genus  ^he  smallest  of  the  several  leaflets  referred 

Dalber^m   on   the   ground    o     being   strongly  t„  i;^  .p^eiea   (fig.   14)   is  about  2.25  centi- 

retuse  at  the  apex  and  sl^h  ly  broader  above  ^^^^^  ,        ^^j  j  g  centimeters  wide,  and  the 

the  middle  and  navine  the  type  of  nervation  ,          ^  /<■      ,„\     .      ^  ^         i-      .        i              j 

,  .     .,                     T^  ■      t           ..  lareest  (fig.  16)  about  4  centuneters  lone  and 

usual  m  the  genus.     It  is,  for  instance,  very  „   "   ,•      ^          -,        r     i.   .1   .1         1     n        .1 

amiilar  to  olergia  eocemca  Berry,"  from  the  ?  «=-"»f ="  »'"1='     I»  ^°*  ">?»  '!"''="  '•» 

Lagrange  formation  (in  beds  of  Wilcox  age)  of  '»*  »  obtusely  wedge-shaped,  but  in  another 

western  Tennessee,  except  as  regards  size.     It  "J^P  "    "^S'    '«>    ">«,  •>"»  ,"    ""*   ■"°'' 

aUo  resembles  certain  leaflets  from  the  Swiss  »>"»?"?  rounded-.n  fact,   almost  truncate. 

Miocene  described  by  Heer."  ''   "   "'"'j"   ^.5   ccntimcteis   wide   and   was 

Daller^  rehm  is  also  similar  to  Simarvba  WO^My  not  far  from  5  centuneters  long, 

eocmico  Berry  "and  Conoixiiiarocenico  Berry,"  1''"»  apecics  suggests  some  of  the  forms  of 

both  from  the  Wilcox  group.  Sophora  irileonana  Berry,"  from  the  Wilcox 

Occurrence:  Green   River  formation.   Little  group,   but  is  more  ovate  or  ovate-elliptical 

Ducic  Creek,   Rio  Blanco  County,    about   50  and  lias  more  arched  secondaries, 

miles  southwest  of  Meeker,  Colo. ;  collected  by  Occurrence:  Green   River  formation.  Little 

D.E.  Winchester,  1917.  Duck   Creek,    Rio   Blanco   County,    about   50 

miles  southwest  of  Meeker,  and  Camp  Gulch, 
25  miles  northwest  of  De  Beque,  Colo.,  col- 
lected by  D.  E.  Winchester,  1917. 

"  Berry.  E.  W.,  U.  S.  Geo!.  Survey  Prof.  Peper  ai,  p.  Ml,  pi.  47, 


-B«rTj',E.W.,U.S.Ceol. 

Siir\-ey  Prn(, 

-Hb* 

"laem. 

•  H«r,  Oswald,  Flnrolcrtla 

rln  Iltlveiim 

»,vol,a,pl.l33,  lSi9. 

•  Op.  dl.,  pi.  54,  fig.  7. 

»Op.dt.,  pl.S3,  Bg-J- 
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FamUy  MIMOSACEAE. 
Mimoeites  coloradensis  KnowUon,  n.  sp. 

Plate  XL,  figures  1-3. 

Leaves  pinnate;  leaflets  opposite,  sessile  or 
nearly  so,  linear  or  linear-lanceolate,  slightly 
unequal-sided,  rather  abruptly  rounded  at  the 
base,  acuminate  or  obtuse  at  the  apex;  margin 
perfectly  entire;  nervation,  except  for  a 
strong  midrib,   mainly  obsolete. 

This  species  is  represented  by  one  leaf  that 
has  the  petiole  preserved  complete — 2.5  centi- 
meters long  —with  parts  of  two  sessile  leaf- 
lets, as  well  as  bv  a  coiisidenible  number  of 
detached  leaflets.  The  smallest  is  about  8 
millimeters  long  and  the  longest  2S  millimeters 
long.  The  width  is  2  or  3  millimeters.  The 
leaflets  are  evidently  thick,  as  hardly  anything 
but  the  midrib  is  discernible. 

This  species  is  very  closely  related  to  and 
perhaps  identical  with  Mitnosifes  Unearifolius 
Lesquereux,^  from  the  lake  beds  at  Florissant, 
Colo.,  but  appears  to  differ  in  being  less  ful- 
cate  and  less  sharply  pointed.  In  one  of  the 
leaflets  there  is  a  slight  indication  that  the  mid- 
rib is  excurrent. 

This  species  is  similar  to  certain  of  the 
smallest  leaflets  of  Mimosites  variabilis  Berry," 
from  beds  of  Wilcox  age  in  the  Lagrange 
formation  of  western  Tennessee  and  Kentucky, 
and  from  the  Wilcox  group  of  Mississippi, 
but  these  are  more  nearly  elliptical  vnih 
obtuse  base  and  apex. 

Occurrence:  Green  River  formation,  spring 
on  Little  Duck  Creek,  about  50  miles  south- 
west of  Meeker,  Rio  Blanco  County,  Colo., 
collected  by  D.  E.  Winchester,  1917. 

Order  GESANIALES. 
FamUy  SLBfASUBACEAE. 

Ailanthns  longe-petiolata  Lesquereux. 

Ailmilhus  hnge-petiolaia  Lesquereux.  V.  S.  Geol.  Survey 
Terr.  Rept.,  vol.  8  (Cretaceous  aiui  Tertiar\'  floras). 
p.  197,  pi.  40.  figs.  G,  7.  1S8:J. 

Both  figured  types  of  this  species  are  pre- 
.served  in  the  United  ^States  National  Museum, 
the  leaflet  being  No.  1")S()  and  the  fruit  No. 
1587.  No  additional  examples  of  either  leaves 
or  fruit  have  been  collected,  and  it  may  stand 
as  left  by  Lesquereux. 

"  Ix».'M4u«>roux,  Ia'O,  U.  S.  OcoI.  Siirvoy  Tcrr.  Kopt.,  vol.  7  (Tertiary 
flrjTtt/,  p.  VM).  pi.  '/J,  flg.  7,  1H7H:  idem,  vol.  S  rCrotaocous  and  Tertiary 
n/JTfts^,  p.  'Jffi,  pi.  37,  flRS.  10-13,  l.SKJ. 

"  l*eiTy,K.  W.,  U.  S.  neoi.  Survey  I>rof.  Paper  91,  p.  227,  pi.  45,  figs. 


Occurrence:  Green  River  formation,  Uinta 
County  (formerly  wrongly  called  Randolph 
G)untv),  Wvo. 

Order  SAPINDALES. 

FamUy  SAPINDACEAE. 

Sapindus  dentoni  Lesquerenx. 

Snpiyidus  dcntnni  Lesquereux.  U.  S.  Geol.  and  Geog. 
Survc^y  Terr.  Hull.,  vol.  1,  p.  388,  1875  [1876]; 
idorn.  .Vnii.  Rept.  for  1874,  p.  815.  1876;  U.  S.  Geol. 
Survey  Ti'rr.  Kept.,  vol.  7  (Tertiar>'  flora),  p.  265, 

pi.  44.  ti^s.  2-4,  1878. 

l)escri!)C(l  by  Lesquereux  as  follows: 

I.eafleti^  with  entire  or  pliphtly  undulate  borders,  lan- 
ceolate f()or7centimeteralonjr.  1.1  to  1.7  centimeterfl  wide], 
yradually  tapering'  to  a  long  acumen,  rounded  to  the 
[slightly  unequal -sided  I  base  and  narrowed  to  a  short 
petiole  [1  centimeter  long];  lateral  nerves  close,  parallel, 
nearly  straight  to  the  borders,  where  they  abruptly  curve. 

Unfortunately  the  type  specimens  of  this 
species  are  now  lost ;  at  least,  they  do  not  appear 
to  be  in  the  United  States  National  Museum, 
and  their  location  is  not  known.  Lesquereux 
compares  these  ''leaflets''  with  those  of  Sapin- 
dus aiujustifoJius  Lesquereux,  from  the  Floris- 
sant lake  beds,  but  there  are  sufficient  differ- 
ences to  separate  them.  They  can  also  be  com- 
pared w4th  leaves  of  Eucalyptus?  americanus 
Lesquereux,  as  figured  in  the  '^ Tertiary  flora," 
Plate  LIX,  figures  11  and  12,  but  as  we  have 
only  the  drawings  to  go  by  it  is  perhaps  best  to 
leave  them  under  Sapindus. 

Occurrence :  Green  River  formation,  near  the 
mouth  of  Wliite  River,  LTtah,  collected  by  Wil- 
liam Denton,  for  whom  the  species  is  named. 

Sapindus  obtusifolius  Lesquereux. 

Sapindus  obtusifolius  Lesquereux,  U.  S.  Geol.  and  Q^og. 
Survey  Terr.  Ann.  Rept.  for  1873,  p.  419,  1874; 
U.  S.  (leol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary 
flora),  p.  26f),  pi.  49.  figs.  8-11,  1878;  idem,  vol.  8 
(Oetaceous  and  Tertiarj-  floras),  pp.  181,  236,  pi.  48, 
figs.  5-7,  1885. 

The  type  locality  of  Sapinus  obtiLsifolius  is 
about  S  miles  southeast  of  Green  River,  Wyo., 
where  it  was  found  in  association  with  Muso- 
phyllum  compliciitmn  Lesquereux  and  a  frag- 
ment of  a  leaf  of  Carpinns  (jrandis.  The  four 
figured  types  are  all  preserved  in  the  United 
States  National  Museum  (Nos.  392-395). 

vSubsequently  Lesquereux  ^*  stated  that  he 
found  a  single  specimen  with  the  leaflets  at- 
tached in  material  from  the  lake  beds  at  Floris- 


7<  Lcs(iuereux ,  Ixjo,  I'.  S.  (leol.  Survey  Terr.  Rept.,  vol.  8  ( 
and  Tertiary  11  ores),  p.  181, 1883. 
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sant,  Colo.  I  have  not  seen  this  specimen,  but 
Lesquereux  says  it  is  even  smaller  than  that 
of  figure  8  of  the  ''Tertiary  flora/' 

In  the  ''Cretaceous  and  Tertiary  floras''  Les- 
quereux^ also  reported  this  species  from  the 
Fort  Union  formation  of  North  Dakota.  The 
present  location  of  the  specimens  so  designated 
is  not  known,  but  they  were  very  well  figured, 
and  from  the  figures  it  appears  that,  although 
they  resemble  the  originals  of  S.  ohtusifolia-j  they 
are  probably  a  different  species.  The  largest 
leaflet  is  11.5  centimeters  long  and  4  centi- 
meters wide,  and  it  seems  questionable  to  place 
them  with  leaflets  only  1  to  1.5  centimeters 
long.  It  will  require  a  considerable  series  of 
connecting  forms  to  show  the  relationsliip. 

The  recent  collections  from  western  Colorado 
contain  a  number  of  leaflets  that  are  to  be  re- 
ferred to  Sapindu^  obtusifoliusj  but  as  they  add 
nothing  to  our  knowledge  of  the  species  they 
have  not  been  figured. 

Occurrence:  Green  River  formation,  8  miles 
southeast  of  Green  River,  Wyo.,  collected  by 
Leo  Lesquereux,  1873;  spring  on  Little  Duck 
Creek,  about  50  miles  southwest  of  Meeker,  Rio 
Blanco  County,  Colo.,  collected  by  D.  E.  Win- 
chester, 1917. 

Sapindus  winch^teri  Knowlton,  n.  sp. 

Plate  XXXVIII,  figure  1. 

Leaflet  very  large,  14.5  centimeters  long  and 
3.5  centimeters  wide,  lanceolate,  strongly 
unequal-sided,  broadest  at  about  one-third  of 
the  length  above  the  base,  whence  it  narrows 
^gradually  to  the  rather  obtuse  apex  and  down- 
ward to  the  wedge-shaped  base;  nervation 
strong,  especially  the  midrib,  with  abput  16 
pairs  of  alternate,  irregularly  spaced  camp- 
todrome  secondaries,  which  arise  at  low  angles, 
•curve  upward  slightly,  and  arch  just  inside  the 
margin,  each  joining  the  one  next  above;  there 
are  a  few  intermediate  secondaries  and  a  strong 
secondary  nervation. 

This  splendid  species  is  represented  by  the 
nearly  perfect  leaflet  figured  and  a  number  of 
smaller  fragments.  It  is  one  of  the  largest, 
if  not  indeed  the  largest  species  thus  far 
described  in  this  country.  It  somewhat 
resembles  Sapindus  affinis  Newberry, ^'^  an 
extremely  abundant  form  in  the  Fort  Union, 
but  it  is  more  than  twice  the  size  of  the  ordinarv 


»  U.  S.  Oeol.  Survey  Terr.  Rcpt.  vol.  8,  p.  23o,  pi.  48,  figs.  5-7, 1S83. 
»•  Newberry,  J.  S.,  U.  S.  Geol.  Survey  Mon.  35,  p.  1 16,  pi.  30,  fig.  1, 1898. 


leaflets  of  that  species  and  is  much  more 
obtuse  at  the  apex  and  has  a  much  stronger 
nervation.  It  is  more  like  certain  leaflets  from 
the  Fort  Union  of  the  Yellowstone  Park  identi- 
fied as  Sapindus  affinis^''''  though  it  is  much 
larger  and  has  a  stronger  nervation. 

The  only  species  of  Sapindus  heretofore  noted 
in  the  Green  River  formation  is  S.  dentoni 
Lesquereux, ^^  but  this  is  a  small-leaved  form 
wholly  unlike  the  present  one. 

OccmTence:  Green  River  formation,  oil 
shale,  Smith  ranch,  on  Greasewood  Creek, 
about  40  miles  southwest  of  Meeker,  Rio 
Blanco  County,  Colo.,  collected  by  D.  E.  Win- 
chester, 1917. 

Family  ANACABDIACEAE. 
Rhus  lesquereuxii  Knowlton  and  CockerelL 

Rhus  lesquereuxii  Knowlton  and  Gockerell,  U.  S.  Geol. 

Survey  Bull.  GOG,  p.  552,  1919. 
Rhus  acuminata  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 

Terr.  Ann.  Kept,  for  1871,  Suppl.,  p.  8,  1872;  U.  S. 

Geol.  Survey  Terr.  Rept,  vol.  8  (Cretaceous  and 

Tertiary  floras),  p.   194,  pi.  42,  figs.  14-17,   1883. 

[Homonym,  De  Gandolle,  1865.] 

The  type  locality  for  Rhus  acuminaia  Les- 
quereux is  Green  River,  Wyo.,  above  the  so- 
called  fish  beds,  but  the  type  specimen  is  not 
known  to  be  in  the  collection  of  the  United 
States  National  Museiun  and  is  presumably 
lost.  It  has  not  subsequently  been  found  in 
the  Green  River  formation,  the  figured  speci- 
mens being  from  the  lake  beds  at  Florissant, 
Colo.  (U.  S.  Nat.  Mus.  Nos.  1871-1874).  Its 
status  as  a  Green  River  soecies  is  therefore  open 
to  question. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo.,  above  the  fish  beds. 

Rhus  variabilis  (Newberry)  Knowlton,  n.  comb. 

Planera  variabilis  Newberry,  U.  S.  Nat.  Mus.  Proc.,  vol.  5, 
p.  508,  1883;  U.  R.  Geol.  Surv^ey  Mon.  35,  p.  83,  pi. 
66,  fig.  7  [not  figs.  5  and  6,  which =P/anera  inaequi- 
lateralis  (Lesquereux)  Knowlton],  1898. 

Leaf  firm  in  texture,  lanceolate,  about  6 
centimeters  long  and  2  centimeters  wide,  acute 
at  the  apex,  evenly  wedge-shaped  (at  about 
45°  angle)  at  the  base;  margin  coarsely  and 
somewhat  irregularly  toothed;  petiole  stout, 
at  least  1  centimeter  long;  midrib  strong; 
secondaries  numerous,  irregularly  spaced,  par- 
allel, at  a  low  angle,  ending  in  the  margin. 

77  Knowlton,  V.  H.,  U.  S.  (ieol.  Survey  Mon.  32,  pt.  2,  pi.  102,  figs. 
1-3,  1.S99. 

"  lesquereux,  I>eo,  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary 
flora),  p.  265,  pi.  64,  figs.  2-4, 1883. 
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This  species  is  based  on  one  of  the  figured 
types  of  Newberry's  Planera  variabilis.  At  the 
time  it  was  made  a  type  Newberry  apparently 
had  some  misgiving,  for  he  said: 

PoBBibly  future  collections  will  prove  that  the  narrower, 
more  rigid  form  with  the  deeply  cut  and  acute  serrations 
and  parallel,  nearly  straight  lateral  veins,  shown  in  figure 
7,  belongs  to  a  different  species :  but  in  the  very  large  num- 
ber of  Planera  leaves  before  me  it  is  impossible  to  make 
any  division  without  making  several.  They  are  therefore 
all  grouped  together  for  the  present. 

He  further  adds  that  he  had  at  his  disposal  a 
large  number  of  specimens  that  seem  to  con- 
nect the  two  forms,  but  as  these  are  not  avail- 
able it  appears  best  to  consider  them  as  dis- 
tinct. 

It  may  also  be  pointed  out  that  the  leaf  un- 
der discussion  seems  to  be  congeneric  with 
Myrica  (now  Rhus)  nigricans  Lesquereux  ^'  and 
for  this  reason  has  been  transferred  to  the  genus 
Rhus.  It  is  more  nearly  lanceolate  and  has 
rather  coarser  marginal  teeth,  but  otherwise 
does  not  greatly  differ.  It  is  not  contained  in 
any  of  the  more  recent  collections. 

Occurrence:  Green  River  formation,  Green 
River,  Wyo.  (one  of  the  types  of  Planera  varia- 
bilis), collected  by  C.  A.  White. 

Rhus  niipicaiis  (Lesquereux)  KnowlUm,  n.  comb. 

Ifyrica  nignoans  Lesquereux,  U.  S.  Geol.  and  Geog.  Sur- 
vey Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  6,  1872; 
U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary 
flora),  p.  132,  pi.  17,  figs,  9-12,  1878. 

Myrica  nigricans  was  described  as  follows  by 
Lesquereux: 

Leaves  nearly  seasile,  alternate,  oblong  or  linear-lanceo- 
late, acuminate,  round-cuneate  to  the  base,  obtusely 
dentate;  nervation  camptodrome. 

He  supplemented  this  description  with  the 
following  remarks : 

The  leaves  of  this  species  are  like  those  of  the  former 
[Myrica  undulataf  Heer],  only  narrower,  all  narrowly 
lanceolate  or  linear-lanceolate,  narrowed  tea  long  acumen, 
and  about  sessile  or  with  a  very  short  petiole  about  1  milli- 
meter long.  They  are  more  or  less  unequal  at  the  base, 
distantly  obtusely  dentate  in  the  middle. 

Three  of  the  figured  types  cf  this  species  are 
preserved  in  the  United  States  National  Mu- 
seum (figs.  9-11,  Nos.  401a,  150,  151)  and  are 
seen  to  be  fragmentary.  Tlie  specimen  shown 
in  figure  9  is  evidently  the  one  on  which  is  based 
the  statement  that  the  leaves  are  simple  and 

"  Lesquereux.  Leo,  U.  S.  GeoL  Survey  Terr.  Rept.,  vol.  7  (Tertiary 
flora),  p.  132,  pi.  17,  figs.  ^12, 1878. 


alternate,  but  a  close  view  of  the  original  db> 
closed  that  there  was  a  piece  of  the  matrix 
covering  the  point  of  attachment  of  one  leaf, 
and  when  this  was  removed  they  were  found  to 
be  practically  opposite.  They  are  slightly  un- 
equal-sided and  in  my  opinion  are  leaflets  of 
a  pinnately  compound  leaf.  This  conclusion 
of  necessity  removes  the  form  from  Myrica^ 
which  has  simple  leaves,  and  it  seems  to  justify 
their  reference  to  Rhv^.  The  other  types  are 
also  slightly  imequal-sided  and  are  probably 
conspecific.  The  margin  is  undulate-toothed 
in  those  three-figured  specimens,  but  another 
figure  (fig.  10a)  shows  the  margin  with  sharp 
teeth. 

Occmrence:  Green  River  formation,  Green 
River,  Wyo.,  northwest  of  station  and  above 
the  fish  beds,  collected  by  F.  V.  Hayden,  1868- 

Rhns  myricoides  Knowlton,  n.  qi. 

Plate  XXXVII,  figures  9-11. 

Leaflets  of  firm  texture,  narrowly  lanceolate^ 
prolonged  above  into  a  slender  acuminate  tip^ 
abruptly  narrowed  and  unequal-sided  at  the 
base;  margin  entire  for  a  short  distance  at  the 
base,  thence  strongly  toothed,  the  teeth  del* 
toid,  pointing  upward;  p^tiolule  short,  stout ;^ 
midrib  relatively  strong,  especially  below;  sec- 
ondaries and  intermediate  secondaries  numer- 
ous, mainly  alternate,  thin,  emerging  at  a  low 
angle,  slightly  curved  upward,  craspedodrome^ 
the  stronger  ones  entering  the  teeth,  the  others 
at  intermediate  points;  finer  nervation  obscure. 

This  species  is  represented  by  a  number  of 
very  well  preserved  leaflets,  three  of  the  most 
nearly  perfect  of  which  have  been  figured.  The 
length  was  apparently  from  about  5.5  to  6.S 
centimeters  and  the  width  approximately  1 
centimeter.  The  petiolule  is  very  short,  hardly 
exceeding  2  milimeters. 

This  species  is  undoubtedly  most  closely  re- 
lated to  Rhus  nigricans  (Myrica  nigricans^ 
Lesquereux®^) — in  fact,  they  may  be  identical. 
Rhus  myricoides  appears  to  differ  in  being  more 
strongly  toothed  and  to  a  minor  degree  in  the 
nervation. 

Occurrence :  Green  River  formation.  Smith 
ranch,  on  Greasewood  Creek,  about  40  milee 
southwest  of  Meeker,  Rio  Blanco  County,  Colo., 
collected  by  D.  iS,.  Winchester,  1917. 


M  Lesquereux,  Leo,  U.  S.  (leol.  Survey  Terr.  Rept.,  voL  7  (Tertiary 
flora),  p.  132,  pi.  17,  flgs.  »-12, 1878. 
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Family  CXLASTSACEAE. 

Enonymus  flexifoUns  Lesquerenx. 

BuonymuiflexifoKiu  Lesquereux,  U.  S.  Oeo).  Survey  Terr. 
Rept,  vol.  8  (Cretaceous  and  Tertiary  floras),  p.  183, 
pi.  38,  fig.  13,  1883. 

This  splendid  species  is  described  as  follows 
by  Lesquereux: 

Leaves  large  [16.5  centimeters  long,  5  centimeters  wide], 
ovate-acuminate  from  an  oval  base,  flexures  at  the  apex, 
narrowed  from  the  middle  to  the  petiole,  sharply  deeply 
serrate;  secondary  nerves  alternate,  equidistant  and  par- 
allel, camptodrome. 

The  single  type  specimen  is  the  only  one  thus 
far  obtained.  It  is  No.  1585  of  the  United 
States  National  Museum  collection. 

Occurrence:  Green  River  formation,  Uinta 
County  (formerly  incorrectly  called  Randolph 
county),  Wyo. 

FamUy  ACSBACEAE. 

Acer  iesquereuxii  Knowlton. 

Acer  letquereuxii  Knowlton,  U.  S.  Geol.  Survey  Bull.  152, 

p.  26,  1898. 
Acer  indivisum  Lesquereux,  U.  S.  Geol.  Survey  Terr. 

Rept.,  vol.  8  (Cretaceous  and  Tertiary  floras),  p. 

180,  pi.  36,  figs.  6, 9, 1883.    [Homonym,  Weber,  1852.] 

Liesquereux's  original  description  reads  as 
follows: 

Leaves  small,  of  thin  texture,  round-truncate  in  outline, 
five-nerved  and  five-lobed;  lobes  entire,  sharply  acimii- 
Bate;  ainuses  broad,  entire  or  dentate  in  the  middle; 
petiole  comparatively  long,  inflated  under  the  point  of 
attachment. 

The  leaves  are  5.5  centimeters  broad  between  the  points 
of  the  upper  lobes  and  only  4  centimeters  long  from  the 
top  of  the  petiole,  which  is  5.5  centimeters  long. 

The  type  of  the  leaf  on  which  this  species  is 
based  is  preserved  in  the  United  States  National 
Museum  (No.  1582),  but  the  fruits  also  made 
cotypes  are  not  to  be  found  here.  This  species 
has  not  been  found  in  subsequent  collections. 

Occurence:  Green  River  formation,  Uinta 
County  (formeriy  wrongly  called  Randolph 
County),  Wyo.,  collected  by  F.  V.  Hayden. 

Family  ILICACEAE. 

Dex?  affinis  Lesquereux. 

Ilexf  affinis  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Ann.  Rept.  for  1871,  Ruppl.,  p.  8,  1872;  U.  S. 
Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  p. 
270,  pi.  50,  figs.  2,  3,  1878. 

This  species  is  based  on  two  examples,  both 
of  which  were  figured  by  Lesquereux,  and  both 


are  in  the  United  States  National  Museum  col- 
lection (Nos.  400, 401) .  They  are  fragmentary, 
as  he  states,  both  having  lost  the  upper  por- 
tion.   Lesquereux  says: 

These  leaves,  inequilateral  at  base,  seem  like  pinnules 
of  a  compound  leaf.  The  midrib  is  thick,  the  secondary 
veins  numerous,  parallel,  inequidistant,  and,  at  an  open 
angle  of  divergence,  either  enter  the  point  of  the  teeth 
and,  by  their  branches,  follow  the  borders  in  festoons  or 
are  truly  camptodrome,  with  nervilles  passing  up  from 
the  back  of  the  curves  into  the  teeth. 

Lesquereux  questioned  the  generic  reference 
of  these  leaves,  and  it  is  more  than  probable 
that  they  should  be  placed  elsewhere,  but  they 
are  so  fragmentary  that  affinities  are  inter- 
preted with  difficulty,  and  it  may  be  best  to 
leave  them  for  the  present  in  Ilex, 

Occurrence:  Green  River  formation.  Green 
River,  Wyo.,  above  the  fish  beds. 

flex  macolata  Lesquereuz. 

Ilex  maculata  Lesquereux,  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  8  (Cretaceous  and  Tertiary  floras),  p.  186,  pi. 
44,  fig.  5,  1883. 

The  single  type  specimen  (No.  1-603,  U.  S. 
Nat.  Mus.)  is  the  only  one  recorded  of  this 
species.  It  is  poorly  preserved  and  the  generic 
reference  is  open  to  more  or  less  question. 

Occurrence:  Green  River  formation,  Alkali 
stage  station,  about  30  miles  north  of  Green 
River,  Wyo. 

Dex  yyominsiana  Lesquereux. 

Ilex  vyomingiana  licsquereux,  U.  S.  Geol.  Survey  Terr. 
Rept.,  vol.  7   (Tertiary  flora),   p.  270,  pi.  50,  fig. 

1,  1878. 

The  type  of  this  species  (No.  399,  U.  S.  Nat. 
Mus.)  is  so  fragmentary  and  obscure  that  it  is 
difficult  to  interpret.  Its  reference  to  Ilex  may 
well  be  questioned,  but  as  no  other  relation- 
ship can  reasonably  be  suggested  it  is  left  as 
placed  by  Lesquereux. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo.,  above  the  fish  beds. 

Order  BHAMNALES. 

Family  BHAMNACEAE. 

ZizjTphns  longifolia  Newberry. 

Plate  XL,  figure  7. 

Zizyphus  longifolia  Newberry,  U.  S.  Nat.  Mus.  Proc.,  vol. 
5,  p.  513,  1882  [1883];  U.  S.  Geol.  Survey  Mon.  35, 
p.  119,  'pi.  65,  figs.  3,  4  [not  fig.  5,  wliich= 
Zizyphus  cinnamomoides  I/esqucreux],  1898. 

Leaves  evidently  very  firm  in  texture,  7.5  to 
9.5   centimeters  long,   about   1.5   centimeters 


170 


SHORTER  CONTRIBUTIONS  TO  GENERAL  GEOLOGY,  1922. 


wide,  lanceolate,  rather  abruptly  rounded  to  j 
the  obtusely  wedge-shaped  base,  long  pointed 
at  apex;  margins  waved  or  more  or  less  dis- 
tinctly toothed;  petiole  slender,  at  least  2 
centimeters  long;  midrib  well  defined  from 
base  to  summit;  lateral  nerves  or  ribs  arising 
with  the  petiole  and  nearly  as  strong,  passing 
up  close  to  the  margin  for  nearly  one-half  the 
length  of  the  blade,  then  joining  the  lowest 
pair  of  secondaries  on  the  midrib;  secondaries 
tliree  or  four  pairs,  alternate,  curving  upward, 
forming  a  festoon  near  the  margin;  nervilles 
finely  reticulated. 

Newberry  figured  three  specimens  as  the 
types  of  this  species,  and  all  are  preserved  in 
the  United  States  National  Museum  (Nos. 
7020,  7021,  7022).  Of  these,  two  (figs.  3  and  4 
of  his  plate)  agree  with  the  above  description 
and  are  here  taken  as  typical  of  Zizyphus  longi- 
folia.  The  other  specimen  is  obviously  differ- 
ent— in  fact,  it  agrees  with  Zizyphus  cinna- 
momaides  Lesquereux,**^  as  Newberry  himself 
pointed  out,  and  it  is  transferred  to  that 
species.  Newberry  states  that  Zizyphus  longi- 
folia  is  very  abimdant  in  the  collections  sub- 
mitted to  him  and  is  usually  associated  in  the 
beds  with  Lygodium  and  Acrostichum. 

In  the  collections  from  western  Colorado  I 
find  several  leaves  of  this  species,  one  of  which 
I  have  figured.  It  is  a  narrow  leaf  about  8 
centimeters  long  and  1.6  centimeters  wide. 
Its  margin  is  provided  with  remote,  low, 
rounded  teeth.  The  nervation  is  that  de- 
scribed and  figured  for  the  species. 

Occurrence:  Green  River  formation,  Green 
River,  Wyo.;  oil  shale  at  Smith  ranch,  on 
Greasewood  Creek,  about  40  riiles  southwest 
of  Meeker,  Colo.,  collected  by  D.  E.  Winchester, 
1917. 

Zizyphus  cinnamomoides  (Lesquereux)  Lesquereux. 

Zizyphus  cinnamomoides  (Lesquereux)  Lepquereux.  V.  S. 

Geol.  Surv^ey  Terr.  Rept.,  vol.  7  (Tertian'  flora), 

p.  277,  pi.  52,  figs.  7,  8,  1878. 
Zizyphus  longifoHa  Newberrj',  U.  S.  Geol.  Survey  Mon. 

35,  pi.  65,  fig.  5  [not  figs.  3,  4],  1898. 
Ceanothus  cinncmiomoides  Lesquereux,   U.   S.   Geol.  and 

Geog.  Surv'ey  Terr.  Ann.  Rept.  for  1871,  p.  289.  1872. 

Leaves  of  firm  texture,  5  to  9  centimeters 
long,  1.5  to  2.5  centimeters  wide,  oblong  or 
ovate-lanceolate,  broadest  at  or  a  little  below 
the    middle,    wedge-shaped    below,    prolonged 

*>  Lesquereux,  I-«o,  U.  S.  CJeol.  Survey  Terr.  Kept.,  vol.  7  (Tertiary 
flora),  p.  277,  pi.  52.  flgs.  7,  8, 1878. 


above  into  a  slender  point;  margin  more  or 
less  crenatc  from  a  point  well  above  the  base 
of  the  blade;  triple-nerved  from  the  top  of  the 
petiole,  the  midrib  straight,  with  four  or  five 
pairs  of  thin  secondaries  in  the  upper  part; 
lateral  nerv^es  or  ribs  closer  to  the  margin  thaa 
the  midrib,  joining  the  lowest  pair  of  second- 
aries;  finer  nervation  irregularly  recticulate. 

Lesquereux  based  this  species  on  two  leaves 
from  Green  River  shale,  both  of  which  lack  the 
upper  portion.  Later  Newberry  received 
material  from  the  same  locality  and  from  it 
he  characterized  his  Zizyphus  longifolia.  Of 
the  three  types  figured  by  Newberry  two  are 
alike  and  are  long,  narrow,  three-nerved  leaves, 
but  the  other  is  clearly  identical  with  Les- 
quereux's  Zizyphus  cinnamomoides  and  has 
been  transferred  to  it. 

Ward  *^  identified  a  single  small  leaf  from  the 
Fort  Union  formation  near  Glendive,  Mont., 
with  Lesquereux 's  Zizyphus  cinnamomoides, 
but  it  has  a  very  different  nervation  and  mrst 
be  excluded. 

Occurrence:  Green  River  formation,  Green 
River,  Wyo. 

Family  VITACBAS. 

Cissns  parrotdaefolia  Lesquereux. 

Tmiw  parrot tiaef alia  Lesquereux,  U.  S.  Geol.  and  Geog. 
Surv^ey  Terr.  Bull.,  vol.  1,  p.  388,  1876  [1876]; 
idem,  Ann.  Rept.  for  1874,  p.  314,  1876;  U.  S- 
Geol.  Survey  Terr.  Rept.,  vol.  7  (Totiary  flora), 
p.  239,  pi.  40,  figs.  15-17;  pi.  42,  fig.  1,  1878. 

The  three  type^  of  this  species  supposed  to 
DC  from  Green  River,  Wyo.,  are  in  the  United 
States  National  Museum  (Nos.  343,  344,  345). 
The  matrix  is  rather  soft  yellowish  sandstone, 
cjuite  unlike  anything  from  the  Green  Riveor 
beds  with  which  I  am  familiar,  and  there  is 
doubt  as  to  the  propriety  of  continuing  this  as 
a  Green  River  species. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo.,  west  of  station. 

Parthenocissus  tertiaria  (Lesquereux)  Knowlton,  lu  comb. 

Ampelopsis  tertiaria  T^csquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  7, 
1872;  U.  S.  Geol.  Survey  Tenr.  Rept.,  vol.  7 
(Tertiary-  flora),  p.  242,  pi.  43,  fig.  1,  1878. 

The  type  and  only  specimen  of  this  species 
found  is  preserved  in  the  United  States 
National   Museum    (No.    361)    and   has   been 


«  Ward.  L.  F.,  U.  S.  Qeol.  Survey  Sixth  Ann.  Bept.,  for  1884^85, 
p.  554,  pi.  52,  fig.  3, 188A;  idem,  Bull.  37,  p.  74,  pi.  33,  fig.  7, 1887. 
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fairly  well  characterized  by  Lesquereux.  The 
two  leaflets  on  the  left-hand  side  are  repre- 
sented as  broken,  but  really  they  pass  under 
one  of  the  type  specimens  of  Juglans  schimperi 
and  can  not  be  excavated  without  destroying 
the  Juglans. 

Occurrence:  Green  River  formation,  Green 
River,  Wyo.,  above  the  fish  beds. 

Order  MTBTALES. 
FamUy  MYRTACEAE? 
Eucalyptus?  americanus  Lesquereux. 
Plate  XXXIX,  figures  1-3. 

Eucalyptusf  aniencana  Lesquereux,  U.  S.  Geol.  Sur\'ey 
Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  296,  pi.  59, 
figs.  11, 12, 1878. 

Eucalyptus  americanus  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.  for  1871,  Suppl.,  p.  7, 1872. 

Apocynopkyllum  scudderi  Lesquereux,  U.  S.  Geol.  Survey 
Terr.  Rept.,  vol.  8,  (Cretaceous  and  Tertiary 
florafl),  p.  172,  pi.  45,  A,  figs.  1-5,  1883. 

Salix  angusta  Al.  Braun?  Newberry-,  U.  S.  Geol.  Surv^cy 
Mon.  35,  p.  54,  pi.  65,  fig.  2,  1898. 

Leaves  coriaceous  in  texture,  narrowly  lan- 
ceolate, gradually  tapering  upward  from  below 
the  middle  into  a  long,  narrow  acumen  and  nar- 
rowed in  nearly  the  same  degree  to  the  base, 
slightly  unequal-sided  and  very  slightly  undu- 
late; petiole  very  thick,  about  1  centimeter 
long;  midrib  extremely  thick,  especially  below, 
where  it  merges  into  the  petiole;  lateral  nerves 
thin,  immersed  in  the  substance  of  the  leaf, 
emerging  at  angles  of  30°  to  45°,  about  5  milli- 
meters apart,  irregular,  many  of  them  with 
intermediate  nerves  that  join  others  at  various 
distances  below  the  margin;  the  main  nerves 
all  terminate  in  a  strong,  continuous  intra- 
marginal  vein  which  is  about  1  millimeter  from 
the  margin;  j&ner  nervation  consisting  of  very 
thin,  irregular  veins  oblique  to  the  principal 
veins. 

These  are  splendid  leaves,  clearly  coriaceous 
or  leathery  in  texture.  There  is  considerable 
range  in  size,  the  larger  ones  being  nearly  13 
centimeters  long  and  about  2  centimeters  wide 
and  the  smaller  ones  6  or  8  centimeters  long 
and  1.5  centimeters  wide.  The  petiole,  which 
is  enlarged  at  the  point  of  attachment,  does  not 
exceed  1  centimeter  in  length. 

The  types  of  Eucalyptus?  americana  as  figured 
by  Lesquereux  in  the  ^'Tertiary  flora''  (pi.  59, 
figs.  11,  12)  are  preserved  in  the  United  States 
National  Museum  (Nos.  489,  489ii).  The  best 
preserved  leaf  is  a  nearly  perfect  one  12  centi- 


meters long  and  1.5  centimeters  wide.  The 
other  was  a  larger  leaf,  fully  2  centimeters 
wide,  but  lacks  the  upper  portion.  The  ner- 
vation is  that  above  described. 

In  1883  Lesquereux®^  described  some  rather 
fragmentary  leaves  from  Alkali  station  under 
the  name  Apocynophi/llum  scudderi.  These 
specimens  are  in  the  United  States  National 
Museum  (Nos.  1605-1609)  and  are  before  me. 
Although  they  are  somewhat  smaller  than  the 
types  of  Eucalyptu-sf?  americaniLs,  they  clearly 
belong  with  them.  They  have  the  same 
coriaceous  texture,  very  thick  midrib,  thin, 
immersed  lateral  veins,  and  continuous  intra- 
marginal  vein.  They  seem  properly  to  be 
referable  to  Encalyptu.^?  americanus. 

The  leaf  figured  by  Newberry "  as  Salix 
angusta  Al.  Braun?  is  also  preserved  in  the 
United  States  National  Museum  (No.  7023) 
and  clearly  belongs  to  Eucalyptusf  americanus. 
It  comes  from  Green  River  and  is  said  by  New- 
berry to  be  exceedingly  common,  ''some  slabs 
of  the  rock  being  quite  covered  with  the 
leaves.'*  Newberry  does  not  mention  the 
strongly  marked  intramarginal  vein,  though  it 
is  shown  in  his  figure  and,  of  course,  in  the 
specimen. 

The  propriety  of  referring  these  leaves  to  the 
genus  Eucalyptus  may  perhaps  be  open  to 
question,  as  it  is  doubted  by  some  that  this 
genus  ever  reached  America.  Be  that  as  it 
may,  their  facies — long,  narrow,  coriaceous 
leaves  with  exceedingly  thick  midrib  and 
deeply  immersed  veins  running  into  a  strong 
intramarginal  vein — is  distinctly  that  of  Euca- 
lyptuSy  and  I  have  retained  them  as  left  by 
Lesquereux.  There  are  some  other  things  that 
are  to  be  considered  in  this  connection.  Thus 
Lesquereux  in  the  original  discussion  of  his 
Eucalyptus?  americanus  compares  them  to 
species  of  Tricera  from  Cuba.  This  is  a 
euphorbiaceous  genus  with  narrow  leaves 
having  a  nervation  similar  to  that  of  Euca- 
lyptus. I  have  not  seen  these  leaves  and  so 
can  not  say  anything  as  to  their  probable 
affinity  with  the  Green  River  leaves  under 
consideration. 

Berry  *^  has  described  as  Ficus  myrtif alius 
some  narrow  leaves  from   the  Wilcox  group 

M  Lesquereux,  Loo,  U.  S.  Gool.  Survey  Terr.  Rept.,  vol.  8  (Cretaceous 
and  Tertiary  floras),  p.  172,  pi.  45,  A,  figs.  l-.%  1883. 

w  Newberry,  J.  S.,  U.  S.  Geol.  Survey  Mon.  35,  p.  .Vl,  pi.  05,  fig.  2, 1898. 

»  Berry,  E.  W.,  U.  S.  Geol.  Survey  Prof.  Taper  91,  p.  205,  pi.  30, 
figs.  l-3»  1916. 


172 


SHORTER  CONTRIBUTIONS  TO  GENERAL  GEOLOGY,  1922, 


that  he  says  are  nearest  to  Lesquereux^s 
ApocynophyUum  scudderi.  The  Wilcox  leaves 
are  of  about  the  same  size  and  shape  as 
Lesquereux's  species  and  have  the  thick 
midrib  and  weU-marked  intramargmal  vem, 
but  the  lateral  veins  are  almost  at  right  angles 
and  are  more  numerous  than  in  the  Green  River 
leaves. 

Occurrence:  Green  River  formation,  Green 
River,  Wyo.,  above  the  fish  beds,  types  col- 
lected about  1870  by  F.  V.  Hayden,  others 
collected  by  C.  A.  White  and  still  later  by  L. 
F.  Ward;  Alkali  stage  station,  about  30  miles 
north  of  Green  River,  type  locality  for  Apo- 
cynophyUum scudderij  collected  by  F.  V.  Hay- 
den; Cathedral  Bluff,  south  of  Little  Tommies 
Draw,  about  20  miles  west  of  Rio  Blanco  post 
office,  Rio  Blanco  County,  Colo.,  in  sec.  35, 
T.  4  S.,  R.  100  W.,  Colo.,  and  above  oil  shale, 
head  of  trail  up  ridge  between  Carr  and  Bushy 
creeks,  Garfield  County,  Colo.,  collected  by 
D.  E.  Winchester,  1917. 

Order  UMBELLALSS. 

FamUy  ASICACBAS. 

Aralia  wyomingensis  Knowlton  and  CockwelL 

Plate  XXXIX,  figure  4;  PUte  XL,  figure  12. 

Aralia  wyomingenns  Knowlton  and  Cockerell,  U.  S.  Geol. 

Survey  Bull.  696,  p.  88,  1919. 
Aralia  macrophyUa  Newberry,  U.  S.  Nat.  Mus.  Proc.,  vol. 

5,  p.  513,  1882  [1883];  U.  S.  Geol.  Survey  Mon.  35, 

p.  121,  pi.  67,  fig.  1;  pi.  68,  fig.  1, 1898.    [Homonym, 

Lindley,  1844.] 

This  species  was  described  by  Newberry  as 
follows: 

Leaves  large,  long-petioled,  palmately  five-parted  from 
the  middle  upward,  divisions  conical  in  outline,  sometimes 
entire,  often  remotely,  occasionally  coarsely  toothed; 
nervation  strong  and  regular;  the  midrib  of  the  divisions 
strong  and  straight,  those  from  the  second  lateral  lobes 
springing  from  near  the  bases  of  the  first  lateral  lobes; 
secondary  nerves  numerous,  distinct,  curved  gently 
upward;  where  the  margins  are  entire,  partially  campto- 
drome;  where  dentate,  terminating  in  the  teeth;  tertiary 
nerves  anastomosing  to  form  quadrangular  and  very 
numerous  areoles. 

In  speaking  of  the  occurrence  of  these  leaves, 
Newberry  says: 

In  the  localities  where  they  are  found  the  leaves  of 
A.  macrophylla  [A.  wyomingensisi  are  exceedingly  abun- 
dant, sometimes  matted  together  so  as  to  obscure  their 
outlines.  These  show  that  they  vary  in  size,  in  the  number 
of  lobes,  and  in  the  character  of  the  margins,  occasionally 
one  occmring  which  is  only  three-lobed,  while  almost  all 
are  five,  and  the  margins  are  sometimes  nearly  entire, 
while  in  other  leaves  they  are  all  strongly,  even  spinously, 


dentate.  The  leaves  vary  from  3  to  12  inches  in  length, 
and  the  lobes  are  sometimes  long  and  narrow,  in  others 
much  broader. 

The  two  figured  types  of  this  species,  both 
preserved  in  the  United  States  National  Mu- 
seum, are  large  leaves,  hence  the  name  macro- 
phyUa  was  very  appropriate,  but  in  Newberry's 
discussion  of  the  species  he  states  that  they 
range  in  length  from  3  to  12  inches. 

In  the  collections  recently  made  in  western 
Colorado  there  are  a  number  of  leaves  that 
must  be  referred  to  Aralia  wyomingenais. 
Two  of  these  have  been  figured.  One  (PL 
XL,  fig.  12)  is  a  very  small  leaf  only  6 
centimeters  long  and  a  little  over  7  centimeters 
wide,  with  slender  petiole  2  centimeters  long. 
The  other  (PL  XXXIX,  fig.  4)  is  somewhat 
larger,  probably  12  or  14  centimeters  long  and 
some  12  centimeters  broad. 

The  leaf  from  Bridger  Pass,  Wyo.,  described 
by  Lesquereux®'  imder  the  name  Aralia  t 
gracilis,  may  belong  here,  but  it  is  so  fragmen- 
tary that  it  can  not  be  compared  fully  with 
Aralia  vryomingensis. 

Occurrence:  Green  River  formation.  Green 
River,  Wyo.  (types),  collected  by  C.  A.  White; 
Cathedral  Bluff,  south  of  Little  Tonmiies 
Draw,  about  20  miles  west  of  Rio  Blanco  post 
office,  Rio  Blanco  County,  Colo.;  collected  by 
D.  E.  Winchester,  1917. 

Order  EBICALES. 

Family  ESICACEAS. 

Andromeda  delicatula  Lesqnereux. 

Andromeda  delicatula  Lesquereux,  U.  S.  Creol.  Survey 
Terr.  Kept.,  vol.  8  (Cretaceous  and  Tertiary  floras), 
p.  175,  pi.  34,  figs.  10,  11,  1883. 

The  two  type  specimens  on  which  this  fine 
species  is  based  are  preserved  in  the  United 
States  National  Museum  (Nos.  1580,  1581) 
and  have  been  very  well  described  and  figured 
by  Lesquereux.  The  species  has  not  been 
since  collected  in  the  Green  River  formation, 
but  has  been  reported  from  the  supposed 
upper  Eocene  of  British  Columbia  and  the 
Fort  Union  formation  of  the  Bull  Mountains, 
Mont. ;  the  latter  is  perhaps  doubtful. 

Occurrence:  Green  River  formation,  Uinta 
County  (formerly  wrongly  called  Randolph 
County),  Wyo.;  Eocene,  Tranquille  River, 
British  Columbia;  Fort  Union  formation. 
Bull  Mountains,  Mont. 

M  Lesquereux,  Leo,  U.  8.  Oeol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary 
flora),  p.  236,  pL  39,  fig.  1, 1878. 
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Older  BTTBIALES. 

Family  CAFBIFOLIACEAE. 

Sambacns?  Winchester!  Knowlton,  n.  sp. 

Plate  XL,  figures  8,  9. 

This  .flower  is  very  small,  having  a  spread  of 
only  about  4  millimeters.  In  the  exact  center 
is  a  circular  mass  of  black  carbonaceous  sub- 
stance that  is  without  any  observable  structure. 
The  flower  is  perfectly  regular,  with  five 
oblong  obtuse  petals,  alternating  with  which 
are  the  five  stamens.  At  first  sight  it  appears 
that  the  petals  are  free,  but  as  the  actual  inser- 
tion of  both  petals  and  stamens  is  obscured  by 
the  central  carbonaceous  mass,  it  is  possible 
that  the  corolla  is  slightly  gamopetalous — in 
fact,  if  the  identification  given  is  correct  the 
petals  must  be  slightly  united.  The  petals 
are  about  1.7  millimeters  long  and  0.8  milli- 
meter broad,  and  each  has  three  relatively 
strong  veins  which  run  from  the  base  nearly 
to  the  apex.  The  stamens  are  slightly  more 
than  half  the  length  of  the  petals  and  have 
large  anthers. 

A  great  many  flowers  have  been  studied  in 
comparison  with  this  fossil  flower,  and  all  things 
considered  it  seems  to  approach  Sambucvs 
most  closely.  This  genus  has  the  calyx  tube 
ovoid  or  turbinate,  adnate  to  the  ovary,  with 
its  limb  three  to  five  toothed,  and  the  corolla 
rotate  or  slightly  campanulate,  regular,  and 
usually  five-lobed;  the  five  stamens  are  in- 
serted on  the  base  of  the  corolla. 

The  fossil  flower  under  consideration  seems 
to  agree  fairly  well  with  the  above  diagnosis, 
at  least  so  far  as  can  be  made  out,  but  as  there 
are  some  points  that  can  not  be  settled  with 
certainty,  the  generic  reference  has  been  ques- 
tioned. This  flower  is  named  in  honor  of  the 
collector. 

Occurrence:  Green  River  formation,  oil 
shale,  Rio  Blanco  County,  about  40  miles 
southwest  of  Meeker,  Colo. ;  collected  by  D.  E. 
Winchester. 

Order  CAMPANTTLALES. 
Family  COMPOSITAE. 

Achaenites  cichorioides  Knowlton,  n.  sp. 

Plate  XL,  figure  4. 

Achene  narrowly  obconical,  about  7  milli- 
meters long,  2  millimeters  in  diameter  at  the 
top,  strongly  ribbed  (apparently  four-ribbed) 
with  several  (at  least  three)  thinner  interme- 
diate striae;  pappus  simple,  apparently  sparse, 
not  barbed,  about  7  millimeters  long. 

91048°— 23 12 


This  little  achene,  the  only  one  f oimd  in  the 
collection,  is  surprisingly  well  preserved  con- 
sidering the  delicate  nature  of  some  of  its 
parts.  The  achene  itself  was  evidently  hard 
and  resistant  and  apparently  has  suffered 
little  distortion.  It  is  strongly  ribbed  or 
ridged,  especially  in  the  lower  part,  and  from 
the  disposition  of  these  ridges  it  seems  probable 
that  they  were  four  in  nxunber,  but  this  is  of 
course  somewhat  uncertain.  The  pappus  is 
certainly  simple  and  without  obvious  barbs; 
it  was  at  least  as  long  as  the  achene.  It 
appears  to  occupy  a  single  ring  around  the 
outer  edge  of  the  flat-topped  achene. 

It  is  perhaps  hazardous  to  attempt  a  close 
comparison  of  this  fossil  achene  with  those  of 
any  living  species,  though  it  may  be  pointed 
out  that  it  seems  to  fall  within  the  family 
Cichoriaceae,  whence  the  specific  name  adopted 
for  it.  It  is,  for  instance,  suggestive  of  the 
achenes  in  certain  species  of  Ndbalus,  Hieror- 
ciurrij  etc.,  but  more  evidence  will  be  needed 
before  it  can  be  placed  in  any  living  genus. 
It  is  beUeved  to  be  the  first  composite  achene 
from  this  country  to  be  described. 

A  word  may  be  said  as  to  the  selection  of  the 
generic  name  for  this  achene.  The  genus  Achde- 
nites  was  established  by  Braun®^  in  1851,  with 
A .  ungeri  as  the  type  species.  It  was  not  figured 
at  that  time,  but  in  the  Neues  Jahrbuch  for 
1854  Braun  described  and  figured  it.  It  is  an 
oblong,  long-beaked  achene  with  a  plumose 
pappus,  and  came  from  the  Swiss  Miocene. 

In  1859,  when  Heer  ®®  came  to  the  considera- 
tion of  the  numerous  fruits  of  the  Compositae 
found  in  the  Miocene  of  Switzerland,  he 
established  the  genus  Cypselites,  with  which  he 
merged  Braun^s  Achaenites^  notwithstanding 
the  fact  that  the  latter  had  some  eight  years 
priority.  Heer  described  and  figured  no  less 
than  19  species  under  his  Cypselites ,  which  he 
stated  probably  really  belong  to  a  number  of  dif- 
ferent genera.  None  of  them  seem  to  be  very 
close  to  the  Green  Kiver  species  under  discussion. 

The  law  of  priority  does  not  sanction  the 
substitution  of  one  genus  for  another  without 
reason,  and  therefore  Achaenites  will  have  to  be 
restored  for  Heer's  species  of  Cypselites. 
Moreover,  Achaenites  is  more  appropriate  than 
Cypselites  for  these  obvious  achenes. 

Occurrence:  Green  River  formation,  above 
rich  oil  shale,  Camp  Gulch,  about  25  miles 
northwest  of  De  Beque,  Colo.,  collected  by 
D.  E.  Winchester,  1917. 

87  Braun,  Al.,  in  Stizenbcrger,  Ernst,   Uebersicht  dcr  Verstclncr- 
iingen  dcs  Grosshorzogthums  Baden,  p.  83,  ISol. 
"  Heer,  Oswald,  Flora  tertlaria  Holvetiae,  vol.  3,  p.  2, 1859. 
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PLANTS  OF  TJKCEBTAIN  POSITION. 

Antholithes  improbus  Lesquereuz. 

Antholithes  improbtts  Lesquereux,  U.  S.  Geol.  Survey  Terr. 
Kept.,  vol.  8  (Cretaceous  and  Tertiary  floras),  p.  204, 
pi.  40,  figs.  20,  21,  1883. 

Both  the  figured  types  of  this  pecuhar  organ- 
ism are  preserved  in  the  United  States  National 
Museum  (No.  1666).  I  am  not  able  to  inter- 
pret them  any  more  satisfactorily  than  Les- 
quereux  did. 

Occurrence:  Green  River  formation,  Uinta 
Coimty  (formerly  wrongly  called  Randolph 
County),  Wyo. 

Carpolithus  caryophylloides  Knowlton,  n.  sp. 

Plate  XXXVII,  fi^nire  13. 

The  collections  from  western  Colorado  made 
by  Winchester  include  the  little  specimen  here 
figured.  It  is  apparently  a  dry  capsule,  ovoid 
in  shape,  about  5  millimeters  long  and  4  milli- 
meters in  diameter  at  the  base,  and  with  a 
slender  pedicel  2  millimeters  long.  It  appears 
to  be  made  on  the  plan  of  five,  and  is  split 
down  about  half  its  length,  each  segment  being 
apparently  bifid  at  the  apex  and  with  a  strong 
central  rib  or  ridge. 

This  specimen  is  so  small  and  indifferently 
preserved  that  it  is  difficult  of  interpretation. 
From  the  fact  that  it  is  not  much  crushed  or 
distorted  the  inference  is  drawn  that  it  was  a 
dry  capsule  that  had  discharged  its  seeds  when 
entombed.  It  may  be  spUt  down  for  more  than 
half  its  length,  but  it  does  not  seem  to  be. 

It  is  of  course  more  or  less  hazardous  to 
attempt  to  refer  this  capsule  to  a  living  genus 
or  even  family,  and  consequently  it  has  been 
placed  in  the  fonn  genus  and  convenient  catch- 
all CarpolithuSj  until  it  can  be  more  definitely 
assigned.  However,  it  may  be  pointed  out 
that  this  specimen  undoubtedly  has  a  strong 
albeit  superficial  likeness  to  the  capsule  of 
certain  Caryophyllaceae,  as,  for  example,  the 
genus  Lychnis,  The  several  species  of  Lychnis 
have  a  globular  or  ovoid  one-celled  capsule  that 
opens  by  the  splitting  apart  of  the  ten  or  five 
segments,  which  are  often  two-cleft  at  the  apex. 
The  capsule  of  Lychnis  dioica  Linn6  is  especially 
suggested  by  this  Green  River  capsule. 

Occurrence:  Green  River  formation,  Smith 
ranch,  on  Greasewood  Creek,  about  40  miles 
southwest  of  Meeker,  Rio  Blanco  County,  Colo,, 
collected  bv  D.  E.  Winchester,  1917. 

Carpites  viburni  Lesquereux. 

Carpites  vihurni  Leequereux,  U.  S.  Geol.  and  Geo^.  Survey 
Terr.  Bull.,  vol.  1,  p.  382,  1875  [187G];  U.  S.  Geol. 
Survey  Terr.  Kept.,  vol.  7  (Tertiary  flora),  p.  305, 
pi.  60,  figs.  26,  26a,  1878. 


The  original  description  by  Lesquereux  reads 
as  follows : 

Seeds  or  nutlets  cordate,  obtuse,  5  to  7  millimeterB  long, 
3  or  4  millimeters  broad,  convex,  grooved  in  the  middle 
from  the  point  to  the  base,  siurrounded  by  a  mem- 
branaceous ()ellicle,  the  remains  of  an  apparently  fleshy 
outer  envelope. 

They  resemble  seeds  of  a  sindlar  kind  which  I  have 
found  in  great  quantity  at  Golden  [Colo.]  and  referred  to 
the  genus  Viburnum. 

A  complication  has  arisen  concerning  the 
locality  from  which  this  species  came.  At  the 
time  it  was  named  and  described  it  was  dis- 
tinctly stated  by  Lesquereux  to  have  come  from 
Alkali  stage  station,  30  miles  north  of  Green 
River,  Wyo.,  but  three  years  later,  when  it  was 
described  and  figured  in  the  *^ Tertiary  flora," 
the  locality  was  given  as  Black  Buttes,  Wyo. 
The  type  specimen  is  fortunately  preserved  in 
the  United  States  National  Museum  (No.  494), 
and  it  is  there  recorded  in  Lesquereux's  hand- 
writing as  coming  from  Black  Buttes.  There 
is  reason  to  believe,  however,  that  the  original 
assignment  is  correct,  and  that  it  really  came 
from  Alkali  station  and  hence  from  the  Green 
River  formation,  and  not  from  Black  Buttes. 
The  matrix  is  a  fine-grained  yellowish  sand- 
stone, similar  in  character  to  that  of  other  spec- 
imens from  Alkali  station,  and,  moreover,  the 
temporary  label  affixed  to  the  specimen  by 
Lesquereux  is  an  oval,  blue-bordered  "sticker" 
identical  wth  those  used  on  other  specimens 
from  Alkali  station,  whereas  those  on  the  speci- 
mens from  Black  Buttes  are  of  a  different  shape 
and  bordered  with  red.  No  specimens  from 
Black  Buttes  were  described  by  Lesquereux  in 
the  report  in  which  the  specimens  from  Alkali 
station  were  described,  and,  further,  it  seems 
inherently  improbable  that  a  mixture  would 
occur  when  a  collection  from  a  given  locality 
was  first  considered.  It  is  beUeved  that  this 
species  actually  came  from  AlkaU  station,  and 
it  will  be  so  regarded  hereafter. 

Occurrence:  Green  River  formation.  Alkali 
stage  station,  30  miles  north  of  Green  River, 
Wyo.  [incorrectly  accredited  to  Black  Buttes, 
Wyo.]. 

Carpites  newberryana  Knowlton,  n.  sp. 

Juglans  occidentalis  ^ewherryy  U.  S.  Geol.  Survey  Men.  36, 
p.  34,  pi.  66,  figs.  4a  -4c,  1898  [not  figs.  1-4]. 

This  species  was  characterized  by  Newberry 
as  follows: 

Fruit  small,  elongated,  somewhat  prismatic;  diviaionB  of 
the  envel()j)e  lentic^ular  in  outline,  narrow,  thin. 

The  fruit,  of  which  fortunately  one  specimen  was  found 
in  immediate  contact  with  the  leaves,  is  small,  marked  with 
raised  lines,  elongate  in  form,  and  resembles  more  the  fruit  of 
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Cojya  oUvatformis  [ERcoria  pecan  Britten?]  than  any  other  them  to  the  noncommittal  CarpvUs  until  addi- 

of  our  living  epecies.    It  might  be  inferred  from  the  size  ^ional  material  may  help  to  place  them  more 

of  the  nut  and  its  elongated  form  that  it  was  immatiire,  but  j  f:^ '  i.  i 

near  it  lies  a  segment  of  the  envelope  which  has  apparently  ^' 

exfoliated  at  maturity.    As  only  one  specimen  of  the  fruit       Occurrence:   Green  River  formation,  Green 

has  been  discovered,  it  is  possible  that  it  does  not  repre-  River,   Wyo.    (described  and  figured  as  fruit 

sent  the  avertge  size  and  form.  of  Juglans  occidentdlis  Newberry;  types,  U.  S. 

Newberry  placed  this  form  imder  Juglans,  al-  Nat.  Mus.,  Nos.  7031 ,  7032) . 
though  he  expressly  states  that  it  clearly  be-  ^^^^  inquirenda  Knowlton,  n.  sp. 

longs  to  Hicoriay  but  justified  this  disposition  pj^^^  XXXVIII  fimire  4 

on  the  ground  of  the  wider  limit  of  the  old        ^,  n      •        j.  '  ^  i       ,      . 

genxxB  JugUns.     He  also  stated  that  the  fruit     J}""   collection   from   western   Co  orado  in- 

is  in  "immediate  contact"  with  the  leaves,  but  ^l"?^^.'^  small  fruit  that  I  am  not  able  to  place 

a  study  of  the  types,  which  are  preserved  in  the  biologically.     It  is  elliptic^  m  outline,  about 

United  States  National  Museum,  shows  that  ?  mJl"neters  long  and  5  milhmeters  broad,  and 

they  are  merely  associated  with  leaves  of  J«<7-  ^f    ^'^    "'"f,':    ^^^^    nucleus,    also    elliptical, 

ton*  occidmteK*  on  the  same  piece  of  matrix  but  f^°^*  3  millimeters  long  and  2  milluneters 

are  not  in  organic  comnection  with  them  or  in  ^road.     This  mner  part  has  a  sbght  projection 

B  position  that  suggests  such  union.     It  there-  *<^  .°"^  f  *^'  ^"t  whether  this  is  the  apex  or  the 

fore  seems  necessary  to  transfer  it  to  the  genus  P?^"*  ^f  attachment  has  not  been  determined, 

to  which  it  apparently  belongs,  if  it  has  been  Similarly  it  is  impo^ible  with  present  knowl- 

correctly  interpreted, and  to  give  it  a  newname.  ^^^^  ^.  ^^^^"^^  whether  the  outer  portion  is 

The  three  type  specimens  have  been  verj-  \  \^  interpreted  as  a  wing,  or  whether  the 

carefully  studied.    The  original  of  figure  4a  ^^^J^  *^"^g  '^  '^  monospermous  capsule, 

is  about  16  millimeters  long  and  7  mUlimeters  .   This  organism  is  so  little  understood  that 

broad  near  the  middle.    It  stands  on  a  short,  »*  f^^.*  P^^^^P^  ^J^^  ^^  **"" *^*«^  altogether, 

stout  pedicel,  which  is  somewhat  expanded  ^^^  ^*  ^  *  ^^"T  definite  entity  that  someone 

and  probably  cup-shaped  and  in  which  rests  the  ™^  ^«  *^^«  to  mterpret  correctly, 
fruit.     It  has  a  deep  longitudinal  median  fur-       Occurren^ :  Green  River  foimatwn,o^^ 

J  xi,         J  1     J        -J       xi.  X  Cathedral    Blun,    south    of    Little    Tommies 

row  and  on  either  side  a  slender  ridge  that  ^^  t».     th  i-i       .      i-i  i  n    .    i  i 

1  -x    J-  1.  /  1  •       xi.  Draw,  Kio  Blanco  County,  Colo.,  collected  by 

nearly  or  qmte  disappears  before  reachinff  the  t^t^tttix       ^r^^» 

-^    rm.        •  T^^i       xu      ^      X  D-  E.  Winchester,  1917. 

apex.     There  is  very  little  other  structure  or  ' 

marking  between  the  ribs  or  ridges.  Phyllites  Winchester!  Knowlton,  n.  sp. 

On  the  same  piece  of  matrix  as  the  speci-  Plate  XXXVIII,  figure  2. 

men  just  described,  about  1  centimeter  from  The  collections  from  the  oil  shales  of  western 

it,    is    the    specimen    shown    m    Newberry's  Colorado  include   the  present  nearly  perfect 

figure  4b.     It  is  about  15  millimeters  long  and  httle  leaf.     It  seems  unfortunate  to  be  com- 

about  4  millimeters  wide.     When  viewed  in  the  pelled  to  describe  so  fine  a  specimen  imder  the 

position  in  which  it  was  drawn  for  Newberry's  name  PhyUites,  but  I  am  wholly  imable  to 

figure  it  appears  to  be  concave,  much  as  one  suggest  a  generic  name  with  any  degree  of 

of  the   segments   of  the   exocarp   of  Hicoria  assurance.     It  is  a  linear-lanceolate  leaf  about 

would   appear,   but  when   the   orientation   is  3   centimeters  long  and   6   millimeters  wide, 

reversed  it  is  found  to  be  convex.  The  upper  part  is  narrowed  for  fully  a  third 

The  third  specimen  (Newberry's  fig.  4c)  is  the  length  of  the  blade  into  a  sharp-pomted 
19  millimeters  long  and  about  7  milhmeters  apex;  below  it  is  more  abruptly  narrowed  to 
wide.  It  appears  to  sit  in  the  excavated  apex  the  rather  thick  petiole,  which  is  nearly  1 
of  the  pedicel  as  described  for  the  first  speci-  centimeter  in  length.  The  margin  is  perfectly 
men  mentioned.  It  has  a  single  furrow  a  entire.  The  nervation  is  peculiar.  In  the 
little  to  one  side  of  the  middle,  and  there  is  middle  and  upper  portions  there  is  some  in- 
some  evidence  of  the  presence  of  a  thin  exocarp  dication  of  a  thin  midrib,  but  in  the  basal 
or  something  of  the  kind  on  one  side.  portion  the  midrib  can  not  be  differentiated. 

It  seems   to   me  very  unhkely  that  these  Five  or  six  nerves  of  equal  strength  arise  below 

specimens  can   belong   to  Hicoria^   and   they  the  base  of  the  blade  and  spread  out  to  divide 

certainly  can  not  belong  to  Juglans,     Under  equaUy  the  area  of  the  lower  third  of  the  leaf, 

the   circumstances   it    appears   best    to   refer  with  little  indication  that  the  middle  one  is 
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the  stronger.  In  the  middle  and  upper  por- 
tions even  these  nerves  appear  to  be  im- 
mersed in  the  leaf  substance. 

Occurrence:  Green  River  formation,  Rio 
Blanco  County,  20  miles  west  of  Rio  Bianco 
post  office,  Colo.,  in  sec.  33,  T.  4  S.,  R.  100 
W.,  collected  by  D.  E.  Winchester,   1917. 

Phyllites  fremonti  Unger. 

Phyllites  fremonti  Unger,   Genera  ct  species  plantarum 

foaailium,  p.  503,  1850. 
Knowlton,  U.  S.  Geol.  Surv-ey  Prof.  Paper  108,  p. 

94,  1917. 
Leaf  of  a  dicotyledonous  plant  (?)   Ilall,  in  Fremont, 

Rep)ort  of  the  exploring  expedition  to  the  Rocky 

Mountains  in  1842,  etc..  Appendix  B,  p.  306,  pi. 

11,  fig.  4,  1845. 

This  species  has  had  an  interesting  history. 

It  was  collected  by  Fremont  in  1843  on  his 

celebrated  exploring  expedition  to  the  Rocky 

Mountains  and  beyond  and  was  included  in 

a   collection   of  plants  from   the   vicinity  of 

what  is  now  Cumberland,  Wyo.     The  plants 

from  this  locaHty  were  long  supposed  to  be  of 

Jurassic  age  but  are  now  known  to  belong  to 

the    Colorado    group    (Frontier    formation). ^° 

The  plant  under  consideration  was  placed  by 

Hall,  who  described  the  collection,  at  the  end 

of  his  paper  with  the  following  remarks: 

Locality  in  the  neighborhood  of  the  specimens  contain- 
ing the  preceding  fossils  and  regarded  by  Capt.  Fremont 
as  belonging  to  the  same  formation.  The  rock  contain- 
ing them  is  a  soft  or  very  partially  indurated  clay,  very 
unlike  the  hard  and  brittle  mass  containing  the  other 
species. 

The  probability  that  it  did  not  come  from 
the  vicinity  of  the  Cumberland  locaUty  is 
-further  strengthened  by  the  chance  statement 
"Fr.  Aug.  17,  and  No.  201  of  collection,'' 
which  appears  to  mean  that  it  was  collected  on 
Friday,  August  17,  whereas  the  others  are 
recorded  under  the  date  August  19.  Fremont's 
itinerary  for  the  earlier  date  indicates  that 
on  that  day  the  expedition  encamped  on 
Blacks  Fork  of  Green  River,  some  40  miles 
east  of  the  locality  reached  on  August  19. 
In  the  low  hills  bordering  the  stream  he  found 
''strata  containing  handsome  and  very  distinct 
vegetable  fossils."  This  locality  is  presumably 
in  the  Green  River  formation,  and  if  the 
above  reasoning  is  correct  it  appears  to  dispose 
of  the  reference  of  this  species  to  the  Colorado 
flora.  The  type  specimen  is  now  lost,  and 
hence  a  study  of  the  matrix  in  which  it  was 
preserved  is  impossible. 

»  Knowlton,  F.  H.,  U.  S.  Geol.  Survey  Prof.  Paper  108,  pp.  73-107. 


This  species  was  named  and  described  as 
Phyllites  fremonti  from  Hall's  figure.  Unger 
fell  into  the  usual  error  of  ascribing  it  to 
Oregon,  as  the  expedition  went  to  '^  Oregon 
and  north  California.''  The  above  history 
has  been  given  at  some  length  for  the  purpose 
of  setting  forth  the  somewhat  unsatisfactory 
status  of  this  species  and  thus  preventing 
future  misunderstanding. 

Occurrence :  Green  River  formation  (  ? ), 
Blacks  Fork  of  Green  River,  Wyo. 

Nordenski(51dia  borealis  Heer. 

Nnrdenshioldia  borealis  Heer,  Flora  fossilis  arctica,  vol.  2, 
Abt.  3,  p.  65,  pi.  7,  figs.  1-13,  1870. 
Newberry,  U.  S.  Geol.  Survey  Mon.  35,  p.  137,  pi.  68, 
figs.  4-6,  1898. 

Whatever  the  nature  of  this  organism  may 
be  there  seems  no  doubt  that  it  is  identical 
with    that    described    and    figured    by    Heer. 

Occurrence:  Green  River  formation,  Green 
River,  Wyo. 

Phyllites  coloradensis  Knowlton,  n.  sp. 

Plate  XXXVIII,  figure  3. 

Leaf  compound;  rachis  strong,  straight; 
leaflets  opposite,  lanceolate,  imequal-sided, 
sharply  acuminate  at  the  apex,  narrowed  to 
the  base  and  decurrent  in  a  narrow  wing  that 
reaches  the  leaflets  next  below;  margin  per- 
fectly entire;  nervation  obscure,  consisting  of 
a  fairly  strong  midrib  and  apparently  with  thin 
secondaries  at  an  angle  of  about  40°,  but  this 
is  uncertain. 

This  species  is  represented  by  the  single 
specimen  figured,  which  shows  three  pairs  of 
opposite  leaflets.  The  lower  pairs  are  about 
3  centimeters  long  and  8  or  9  millimeters  wide; 
the  next  pairs  are  about  2  centimeters  long  and 
5  or  6  millimeters  wide,  and  the  terminal  (or 
uppermost  pair  preserved)  leaflets  are  only  5 
millimeters  wide. 

I  am  uncertain  as  to  the  generic  reference 
of  this  specimen.  The  shape  and  nervation 
of  the  leaflets  strongly  suggest  Sapindus,  and 
it  may  be  recalled  that  in  certain  of  the  living 
species,  such  as  Sapindus  saponaria  Linn6, 
the  rachis  is  winged  between  the  leaflets,  as 
indeed  it  is  in  some  living  species  of  RhuSy  but 
in  the  present  specimen  it  is  the  basal  portion 
of  the  leaflet  that  is  prolonged  as  a  narrow 
wing  down  the  rachis. 

Occurrence :  Green  River  formation,  spring 
on  Little  Duck  Creek,  about  50  miles  south- 
west of  Meeker,  Rio  Blanco  County,  Colo., 
collected  by  D.   E.   Winchester,   1917. 
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PLATE   XXXVI. 

FiQURES  1-3.  Myrioa  praedrymeja  Knowltx)ii.     From  Grease  wood  Creek,  alx)ut  40  miles  southwest  ot  Meeker,  Colo. 

U.  S.  Nat.  Mu8.  Nos.  36557,  36558,  36559.    (See  p.  157.) 

4.  Danaea  coloradensis  Knowlton.     From  Rio  Blanco  County,  Colo.,  about  40  miles  southwest  of  Meeker. 

Pinnule,  X  2.     U.  S.  Nat.  Mus.  No.  36560.    {See  p.  150.) 

5.  Danaea  fendleri  Underwood.     Living  species  from  Trinidad,  introduced  for  comparison.    Segment  of 

fruiting  pinnule,  X  6. 

6.  PontederUes  fieaperia  Knowlton.     From  Greasewood  Creek,  about  40  miles  southwest  of  Meeker,  Gdo. 

U.  S.  Nat.  Mus.  No.  36561.    (See  p.  154. ) 

7.  Lygodium  kaulfusm  Heer.     From  Little  Duck  Creek,  Rio  Blanco  County,  Colo.    U.  S.  Nat.  Mub.  No. 

36582.     (See  p.  149.) 

8.  CoiCnomyces  euailyptae  Knowlton,  on  leaves  of  Evcalyptust  americanvs  Lesquereux.    From  Little  Duck 

Creek,  about  50  miles  southwest  of  Meeker,  Colo.    X  2.    For  natural  size,  see  Plate  XXXIX,  figure  2. 
U.  S.  Nat.  Mus.  No.  36589.    (See  p.  148.) 

9.  Same  as  figure  8,  X  6.     Figure  retouched. 

10.  Caenomyces  sapindwola  Knowlton,  on  leaflet  of  Snpindjis  vinchesteri  Knowlton.  From  Greasewood 
Creek,  about  40  miles  southwest  of  Meeker,  Colo.  X  4.  For  natural  size,  see  Plate  XXXVIII, 
figure  1.     Figure  retouched.     U.  S.  Nat.  Mus.  No.  36590.     (See  p.  148.) 
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PLATE  XXXVII. 

FiCFUBE  1.  Comptoniaf  anomala  Knowlton.    From  Greasewood  Creek,  about  40  miles  southwest  of  Meeker,  Colo.    U.  S. 
Nat.  Mus.  No.  36563.     (See  p.  158.) 
2.  Myrioa  sp.    From  Cathedral  Bluff,  20  miles  west  of  Rio  Blanco  post  office,  Colo.    U.  S.  Nat.  Mus.  No. 

36564.  (See  p.  157.) 

3-5.  Salix  sp.    From  Rio  Blanco  County,  about  40  miles  southwest  of  Meeker,  Colo.    U.  S.  Nat.  Mus.  Nos. 

36565,  36566,  36567.    (See.  p.  156.) 

6.  PimeUa  spatulata  Knowlton.    From  Cathedral  Bluff,  about  20  miles  west  of  Rio  Blanco  poet  office,  Colo. 

U.  S.  Nat.  Mus.  No.  36568.     (See  p.  163.) 

7.  Sedumf  hesperiiim  Knowlton.     From  Cathedral  Bluff,  about  20  miles  west  of  Rio  Blanco  poet  office,  Colo. 

U.  S.  Nat.  Mus.  No.  36569.    (See  p.  163.) 

8.  Salix  linearis  Knowlton.     From  Rio  Blanco  County,  Colo.,  about  20  miles  west  of  Rio  Blanco  poet  office. 

U.  S.  Nat.  Mus.  No.  36570.     (See  p.  155.) 
^11.  Rhus  myricaides  Knowlton.     From  Greasewood  Creek,  about  40  miles  southwest  of  Meeker,  Colo.    U.  S. 
Nat.  Mus.  Nos.  36571,  36572,  36573.     (See  p.  168.) 

12.  Myrica  minuta  Knowlton.     From  Greasewood  Creek,  about  40  miles  southwest  of  Meeker,  Colo.    U.  S. 

Nat.  Mus.  No.  36574.    (See  p.  157.) 

13.  CarpolithtLs  caryophyllMes  Knowlton.     From  Greasewood  Creek,  40  miles  southwest  of  Meeker,  Colo.     U.  S. 

Nat.  Mus.  No.  36575.     (See  p.  174.) 
14-16.  Sophora  coloradensis  Knowlton.     Figures  14  and  16  from  Little  Duck  Creek,  Rio  Blanco  County,  Colo., 
about  50  miles  southwest  of  Meeker;  figure  15  from  Camp  Gulch,  25  miles  northwest  of  De  Beque, 
Colo.     U.  S.  Nat.  Mus.  Nos.  36576,  36577,  36578.    (See  p.  165.) 
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PLATE  XXXVIII. 

Figure  1.  Sapindxis  mnchesteri  Knowlton.     From  Grease  wood  Creek,  about  40  miles  southwest  of  Meeker,  Colo. 
U.  S.  Nat.  Mus.  No.  36579.    (See  p.  107.) 

2.  Phyllites  mnchesteri  Knowlton.    From  Cathedral  Bluff,  about  20  miles  west  of  Rio  Blanco  post  office,  Cool. 

U.  S.  Nat.  Mus.  No.  36580.    (See  p.  175.) 

3.  Phyllites  coloraderms  Knowlton.    From  Little  Duck  Creek,  about  50  miles  southwest  of  Meeker,  Colo. 

U.  S.  Nat.  Mus.  No.  3()58l.    (See  p.  176.) 

4.  Carpites  inquirenda  Knowlton.    From  Cathedral  Blu£F,  about  20  miles  west  of  Rio  Blanco  post  office,  Colo. 

U.  S.  Nat.  Mus.  No.  36582.    (See  p.  175.) 

5.  Juglans  winchesteri  Knowlton.    From  Cathedral  Bluff,  about  20  miles  west  of  Rio  Blanco  post  office, 

Colo.    U.  S.  Nat.  Mus.  No.  36583.    (See  p.  160.) 

6.  Oreodaphne  viridijlximemis  Knowlton.    From  Rio  Blanco  County,  Colo.,  about  40  miles  southwest  of  Meeker. 

U.  S.  Nat.  Mus.  No.  30584.     (See  p.  103.) 
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PLATE  XXXIX. 

Figures  1-3.  Exicalyptusf  americanus  Lesquereux.    Figures  1  and  2  from  Little  Duck  Creek,    50  miles  southweet 

of  Meeker,  Colo.;  figures  from  ridge  between  Carr  and  Bushy  creeks,  Garfield  County,  Colo.    U.  S. 
Nat.  Mus.  Noe.  36585,  3658fi,  36587.    (See  p.  171.) 
4.  Aralia  wyomingensia  Knowlton  and  Cockeroll.    From  Cathedral  Bluff,  about  20  miles  west  of  Rio  Blanco 
post  office,  Colo.    U.  S.  Nat.  Mus.  No.  3G588.    (Sec  p.  172.) 
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\  PLATE  XL. 

Figures  1-3.  Mimasites  cohradensis  Knowlton.    From  Little  Buck  Creek,  about  50  miles  southwest  of  Meeker,  Colo. 

U..S.  Nat.  Mus.  No8.  ,%o91,  36592,  36593.     {See  p.  166.) 
4.  Achaenites  cichorioidcs  Knowlton.    From  Camp  Gulch,  al)out  25  miles  northwest  of  De  Beque,  Colo. 
U.  S.  Nat.  Mus.  No.  36594.    (See  p.  173.) 
5,  6.  Dalbergia  retusa  Knowlton.    From  Little  Duck  Creek,  alK)Ut  50  miles  southwest  of  Meeker,  Colo.    U.  S. 
Nat.  Mus.  Nos.  36595,  36596.    (See  p.  165.) 
7.  Zizyphus  longi/olia  Newberry.    From  Greasewood  Creek,  about  40  miles  southwest  of  Meeker,  Colo. 
U.  S.  Nat.  Mus.  No.  36597.'    ^See  p.  169.) 
8, 9.  Sambucusf  winchesteri  Knowlton.    Figure  8,  natural  appearance,  X  G;  figure  9,  restoration  of  figure  8,  X  *9 
From  Rio  Blanco  County,  Colo.,  about  40  miles  southwest  of  Meeker.    U.  S.  Nat.  Mus.  No.  36598. 
(Seep.  173.) 

10.  Dalbergia  viridiflumensis  Knowlton.    From  Rio  Blanco  County,  Colo.,  about  20  miles  west  of  Rio  Blanco 

post  oflace.     U.  S.  Nat.  Mus.  No.  36599.     (See  p.  164.) 

11.  Sophora  coloradensk  Knowlton.    From  Little  Duck  Creek,  about  50  miles  southwest  of  Meeker,  Colo. 

U.  S.  Nat.  Mus.  No.  36600.     (See  p.  165.) 

12.  Aralia  wyomingerms  Knowlton  and  Cockerel  1.    From  Cathedral  Bluff,  about  20  miles  west  of  Rio  Blanco 

post  office,  Colo.     r.  S.  Nat.  Mus.  No.  36601.     (See  p.  172.) 

13.  Myriai  sp.    From  head  of  Carr  Creek,  about  30  miles  northwest  of  De  Beque,  Colo.    U.  S.  Nat.  Mus. 

No.  36602.     (See  p.  158.) 
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F[X>RA   OF  THE  GREEN    RIVEH   FORMATION. 


FOSSIL  PLANTS  FROM  THE  TERTIARY  LAKE  BEDS  OF  SOUTH-CENTRAL 

COLORADO. 


By  F.  H.  Knowlton. 


The  first  of  the  Tertiary  lake  beds  of  Colorado 
to  be  brought  to  scientific  attention  were  those 
at  Florissant;  discovered  in  1873  by  Dr.  A.  C. 
Peale,  of  the  Hayden  Geological  Survey. 
Lake  Florissant  was  a  small  lake,  approxi- 
mately 5  miles  in  length  and  not  much  if  any 
exceeding  a  mile  in  width,  occupying  a  moun- 
tain valley  with  its  laterals  eroded  in  granite  by 
stream  action.  The  present  altitude  of  the 
lake  beds  is  a  little  more  than  5,000  feet  above 
sea  level.  The  composition  of  these  beds  is 
described  by  Henderson  ^  as  follows : 

The  beds  are  composed  chiefly  of  volcanic  ashes,  mud, 
and  sand,  the  component  particles  of  which  are  generally 
flomewhat  though  not  very  much  worn  by  the  action  of 
neater.  The  conclusion  reached  in  both  fielcl  and  labora- 
tory is  that  the  deposits  were  formed  largely  by  volcanic 
ashes  from  repeated  eruptions  falling  upon  the  surface  of 
the  water  and  settling  to  the  bottom,  assorted  by  the  slui;- 
gish  lake  currents;  also  by  mud  and  ashes  falling  or  flow- 
ing into  position  where  they  were  rapidly  washed  into  the 
lake  by  rains,  streams,  and  waves  without  much  grinding. 

The  Florissant  lake  beds  have  proved  to  be 
highly  fossiliferous,  perhaps  more  abundantly 
80  than  any  other  deposits  in  the  world.  They 
are  especially  rich  in  remains  of  plants  and 
insects.  During  the  period  of  nearly  50  years 
since  their  discovery  these  fossil  riches  have 
been  abundantly  exploited,  and  they  are  now 
known  to  include  more  than  1,000  species  of 
insects  and  nearly  250  species  of  plants. 

The  Florissant  lake  beds  were  long  supposed 
to  be  unique,  but  the  more  and  more  intensive 
geologic  work  prosecuted  in  the  Rocky  Moun- 
tain r^on,  especially  within  the  last  20  years, 
has  disclosed  a  number  of  other  lake-bed 
deposits  in  the  San  Juan  Mountain  region  of 
south-central  Colorado.  The  object  of  the 
present  paper  is  to  bring  to  scientific  attention 

^Hflodersoo,  Junius,  Colorado  Univ.  Studies,  vol.  3,  pp.  145-151, 1906. 


the  location,  present  known  extent;  and  flora 
of  these  scattered  lake  beds.  The  description 
of  the  flora  is  purely  preliminary  and  will 
undoubtedly  be  greatly  increased  with  more 
thorough  exploration. 

The  plants  described  in  the  following  pages 
were  all  collected  from  rocks  deposited  during 
the  volcanic  period  of  the  San  Juan  Mountain 
region,  though  from  several  different  forma- 
tions. The  lake  beds  aggregate  some  thou- 
sands of  feet  in  thickness,  and  there  is  evidence 
to  show  that  several  of  the  formational  units 
were  separated  by  periods  of  extensive  erosion, 
during  which  canyons  were  cut  to  the  depth  of 
several  thousand  feet.  The  position  in  the 
geologic  column  can  be  understood  from  the 
accompanying  generalized  section,  which  has 
been  supplied  by  E.  S.  Larsen,  of  the  United 
States  Geological  Survey. 

Mr.  Larsen  makes  the  following  statement: 

The  periods  of  erosion  separating  these  formations  were 
all  of  sufficient  length  to  develop  canyons  several  thousand 
feet  deep  and  a  youthful  topography  comparable  to  that 
of  the  present  San  Juan  Mountains.  This  no  doubt  repre- 
sents a  very  great  number  of  years  but  only  a  small  fraction 
of  the  time  required  to  develop  a  mature  topography. 

The  most  abundant  and  best-preserved  plant  remains 
were  collected  from  the  Creede  formation.  This  formation 
is  made  up  chiefly  of  thin-bedded  rhyolite  tuff  in  its  lower 
part,  but  it  carries  much  gravel,  and  some  lava  flows  in  its 
upper  part.  Some  travertine  is  present.  The  formation 
was  deposited  in  a  deep,  steep-walled  basin  that  was  cut 
in  rocks  of  the  Potosi  volcanic  series  and  that  coincides 
approximately  with  the  present  valley  of  the  Rio  Grande 
from  Wagon  Wheel  Gap  westward  to  the  mouth  Of  Trout 
Creek,  a  distance  of  about  25  miles,  but  was  considerably 
narrower.  The  maximuni  thickness  is  over  2,000  feet. 
The  best  plant  remains  were  collected  from  the  thinly  lami- 
nated tuffs  in  the  lower  part  of  the  formation.  The  cli£f8 
exposed  above  Sevenmile  Bridge  are  about  100  feet  high 
and  are  almost  continuous  on  the  northwest  bank  of  the 
river  for  over  a  mile. 
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The  localities  and  the  species  found  at  each  are  listed 
below. 

Cross.  No.  La  G.  2  [5951].  Crude  formation,  La  Garita 
quadrangle,  Colo.  Ridge  north  of  stream  which  passes  Hot 
Spring  Hotel  at  altitude  of  9,000  feet: 

Minute  fragments  of  bark,  coniferous  leaves,  etc., 
but  nothing  determinable. 
Cross.    No.  La  G.  24  [5952].    Creede  formation,  south 
bank  of  Rio  Grande  150  yards  above  wagon  bridge,  3i  miles 
below  Creede,  Colo. : 

Feather  of  bird. 

Planera  myricaefolia  (Leequereux)  Cockoroll. 

Fragments. 
Cross.    No.  La  G.  93  [5953].    C'reede  formation,  west  side 
of  Rio  Grande  one-fourth  mile  north  of  Sevenmilo  Bridge, 
below  Creede,  Colo.,  near  boundary  of  San  Cristobal  quad- 
rangle: 

Pinus  crossii  Knowlton,  n.  sp. 

Abies  rigida  Knowlton,  n.  sp. 

Myrica  myricaefolia  (Leequereux)  Cockerell. 

Feather  of  bird. 
Cross.     No.  S.  C.  15C6  [5954].     Huerto  formation,  in  a 
lens  100  yards  long,  N.  37^°  K.  of  houses  at  north  end  of 
Lake  Santa  Maria,  San  Cristobal  quadrangle,  Colo.,  alti- 
tude 10,350  feet: 

Pinus  similis  Knowlton,  n.  sp. 

Ribes  protomelaenum  Cockerell. 

Planera  myricaefolia  (Lesquereux)  Cxx?kerell? 

Phyllites  potentilloides  Knowlton,  n.  sp. 
Cross.     1911.    No.  La  G.  536  [6198].    Creede  formation, 
west  side  of  Rio  Grande  near  Sevenmile  Bridge,  near 
Creede,  Colo.,  altitude  8,800-9,000  feet: 

Pinus  crossii  Knowlton,  n.  sp. 

Abies  rigida  Knowlton,  n.  sp. 

Planera  myricaefolia  (Lesquereux)  Cockerell. 

Odostemon  marginata  (Lesquereux)  Knowlton,  n. 
comb. 

Vitis  fiorissantella  Cockerell. 

Populus  lesquereuxi  Cockerell. 

Insect  (beetle?). 

Feathers. 
Cross.     1914.     No.  516  [6889].    Conejos  (?)  formation, 
Saguache  quadrangle,   Colo.,  gulch  west  of    Henderson 
Mountain,  about  1}  miles  north  of  Saguache  River: 

Coniferous  wood,  not  further  studied. 
Cross.  1914.  No.  437  [6858].  Saguache  quadrangle, 
Colo.,  rhyolite  tuff  in  railroad  cut  below  (west  c  *^  Marshall 
Pass,  where  railroad  crosses  gulch  at  Shavano  siding;  geo- 
logic position  uncertain  but  jirobably  considerably  below 
Conejos  formation : 

Pinus  crossii  Knowlton,  n.  sp.? 

Fragments  not  determinable. 
Larsen.     1916.     [7242].     Creede  formation,  north  bank 
of  Rio  Grande  near  Sevenmile  Bridge,  above  Creede,  Colo. : 

Pinus  crossii  Knowlton,  n.  sp. 

Pinus  similis  Knowlton,  n.  sp. 

Pinufl  coloradensis  Knowlton,  n.  sp. 

Pinus  florissanti?  Lesquereux. 

Abies  rigida  Knowlton,  n.  sp. 

Sabina  linguaefolia  (Lesquereux)  Cockerell. 

Alnus?  larseni  Knowlton,  n.  sp. 

Populus  lesquereuxi  Cockerell. 


Planera  myricaefolia  (Lesquereux)  Cockerell. 

Ribes  protomelaenum  Cockerell. 

Rub  us?  inquirendus  Knowlton,  n.  sp. 

Vitis  fiorissantella  Cockerell. 

Odostemon  marginata  (Lesquereux)  Knowlton,  n. 

comb. 
Odostemon  hakeaefolia.( Lesquereux)  Knowlton,  n* 

comb. 
Sterculia  aceroides  Knowlton,  n.  sp. 
Phyllites,  twosp. 

From  the  foregoing  lists  it  appears  that  & 
of  the  8  collections  and  no  less  than  18  of 
the  19  forms  enumerated  come  from  the  Creede 
formation.  From  beds  believed  to  belong  to 
the  Huerto  formation  the  single  collection 
yielded  three  named  species,  all  of  which, 
occur  also  in  the  Creede  formation. 

A  complete  list  of  forms  described  m  this 
paper  is  as  follows: 

Pinus  crossii  Knowlton,  n.  sp. 

Pinus  similis  Knowlton,  n.  sp. 

Pinus  florissanti?  Lesquereux. 

Pinus  coloradensis  Knowlton,  n.  sp. 

Abies  rigida  Knowlton,  n.  sp. 

Abies  longirostris  Knowlton,  n.  sp. 

Sabina  linguaefolia  (Lesquereux)  Cockerell. 

Populus  lesquereuxi  Cockerell. 

Alnus?  larseni  Knowlton,  u.  sp. 

Planera  myricaefolia  (Lesquereux)  C<x^kerell. 

Ribes  protomelaenum  Cockerell. 

Rubus?  inquirendus  Knowlton  n.  sp. 

Vitis  fiorissantella  Cockerell. 

Odostemon  marginata  (Lesquereux)  Knowlton,  n. 

comb. 
Odostemon  hakeaefolia  (Lesquereux)  Knowlton,  n. 

comb. 
Sterculia  aceroides  Knowlton,  n.  sp. 
Phyllites  potentilloides  Knowlton,  n.  sp. 
Phyllites,  two  sp. 

On  eliminating  the  forms  not  named  there 
remain  8  species  described  as  new  and  8 
previously  known  species.  As  all  these  pre- 
viously known  species  are  found  in  the  lake 
beds  at  Florissant,  Colo.,  it  seems  reasonable 
to  conclude  that  the  age  of  the  lake  beds  of 
the  Creede  formation  is  the  same  as  that  of 
the  Florissant  beds,  namely,  upper  Miocene. 
From  the  Huerto  formation  were  obtained 
three  named  species  (Pimis  similis j  Planera 
myricaefolia^  and  Ribes  protomelO'enum)  and 
an  unamed  Phyllites.  All  three  of  the  named 
species  are  found  in  the  Creede  formation, 
and  two  of  them  are  well-known  Florissant 
species.  The  only  other  collection — that  from 
Marshall  Pass — contains  a  single  doubtfully 
identified  form   {Pinus  crossii  f)  and  detached 
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leaves  of  Pinna  and  probably  Ahies,  This 
collection  is  supposed  to  be  much  older  than 
the  others,  but  its  position  is  somewhat  un- 
certain. 

So  far  as  present  known  facts  go  it  appears 
that  the  same  flora  ranges  through  the  entire 
thickness  of  these  lake  deposits.  Although 
the  f ormational  units  involved  are  hundreds  of 
feet  thick,  and  although  many  of  these  units 
are  separated  by  unconformities  representing 
periods  of  erosion  during  which  thousands  of 
feet  of  beds  were  cut  out,  the  deposition  of  the 
whole  series  occupied  relatively  so  short  a 
time  that  the  changes  in  conditions  do  not 
appear  to  be  reflected  in  the  flora.  Of  course 
subsequent  studies  and  collections  may  modify 
this  conclusion,  but  it  is  all  that  can  be  said  at 
present. 

The  flora  of  these  lake  beds  as  described 
in  this  paper  is  so  small  that  it  is  perhaps 
hardly  worth  while  to  attempt  any  extensive 
discussion  of  the  affinity,  probable  origin,  and 
climatic  requirements  of  the  species  included, 
yet  they  show  a  number  of  biologic  features 
of  considerable  interest.  The  most  abundant 
element  in  the  flora  consists  of  the  Coniferae, 
which  comprise  over  a  third  of  the  species 
and  nearly  half  of  the  individual  specimens. 
Although  nine  forms  of  conifers  have  been 
reported  from  the  Florissant  lake  beds,  all 
but  one  or  two  are  very  rare  as  individuals. 
It  is  probable  that  the  increased  elevation  of 
the  Creede  deposits  may  account  for  the  abun- 
dance of  conifers,  though  more  extended  ex- 
ploration will  doubtless  reduce  this  apparent 
preponderance.  The  most  interesting  of  these 
conifers  are  the  species  of  Abies,  of  which  the 
specimens  collected  represent  leafy  branches 
and  cone  scales.  It  is  possible  that  the 
branches  and  scales  may  belong  to  a  single 
species,  but  as  they  are  wholly  unconnected 
it  has  been  necessary  to  give  them  separate 
names.  The  cone  scales  indicate  the  group 
of  Abies  in  which  the  bracts  adhere  firmly  to 
the  scale  and  are  prolonged  above  into  a  long, 
slender  tip,  which  may  bo  as  much  as  4  centi- 
meters in  length.  This  group  seems  to  be 
most  closely  related  to  Abies  venusta  Koch, 
the  so-called  silver  fir  of  California.  This  is 
the  first  time,  at  least  in  this  country,  that 
cone  scales  of  this  type  have  been  observed. 
The  pines   represent  both   the   soft   or  white 


pines  and  the  hard  pines,  the  former  known 
by  their  cluster  of  leaves  in  fives  or  fours. 

The  next  in  abundance  and  interest  are  the 
two  species  of  Odostemon,  the  genus  to  which 
the  well-known  Oregon  grape  belongs.  Both 
species — if  they  are  really  distinct — occur  also 
in  the  Florissant  beds,  and  it  is  believed  that 
they  are  correctly  placed  generically,  as  they 
agree  in  all  essential  particulars  with  the  living 
species.  Four  living  species  of  Odostemon  are 
now  found  in  the  Rocky  Mountain  area,  and  it 
would  seem  that  they  are  the  direct  descendants 
of  the  Miocene  forms. 

None  of  the  other  genera  (PopuluSj  Alnus, 
RibeSj  VHis)  offer  features  of  particular  bio- 
logic interest.  The  species  referred  with  some 
question  to  Rubus  is  a  small  spray  of  flowers  and 
inmaature  fruit  that  if  not  actually  a  member  of 
this  genus  is  certainly  very  strongly  suggestive 
of  it. 

The  climatic  requirements  of  this  little  flora 
would  seem  to  be  temperate,  perhaps  cool 
temperate,  but  it  is  still  too  small  to  warrant 
a  very  positive  conclusion. 

Pinus  crossii  Knowlton,  n.  sp. 

Plate  XLI,  figures  3,  8-10. 

Leaves  in  clusters  of  five,  stout,  rigid,  slightly 
incurved,  sharp  pointed,  2.5  to  about  4  centi- 
meters long;  sheaths  of  the  leaf  clusters  decidu- 
ous. 

This  species  is  represented  by  a  number  of 
specimens,  several  of  the  best  of  which  are  fig- 
ured. It  is  assumed  that  the  normal  number  of 
leaves  is  five  in  each  cluster,  but  there  are  a  few 
examples  in  which  only  three  can  be  made  out. 
Thus,  in  the  fragment  of  a  branch  shown  in  fig- 
ure 3,  there  are  two  clusters,  each  with  three 
leaves  that  otherwise  agree  with  the  five- 
leaved  clusters.  Although  it  is  not  impossible 
for  the  leaves  to  vary  in  number  from  three  to 
five  in  the  same  species,  it  seems  improbable  in 
the  present  case,  and,  as  stated  above,  the  nor- 
mal number  is  presumed  to  be  five. 

This  species  seems  clearly  to  belong  to  the 
group  of  soft  or  white  pines,  not  only  as  shown 
by  the  leaves  being  in  clusters  of  five  but  more 
particularly  by  the  complete  absence  of  the 
sheath  to  the  leaf  basses.  It  seems  to  be  most 
closely  related  to  Pinus  albicauUs  Engelmann, 
a  species  of  alpine  slopes  and  exposed  ridges 
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throughout  the  Rocky  Mountain  region,  at  alti- 
tudes ranging  from  5,000  to  12,000  feet. 

Two  species  based  on  leaves  have  been  de- 
scribed from  the  lake  beds  at  Florissant — Pinus 
hambachi  Kirchner,'  supposed  to  have  the 
leaves  in  clusters  of  three,  and  Pinu^  wheeleri 
Cockerell,'  with  the  leaves  in  fives.  In  the 
original  description  of  P,  wheeleri  the  leaves  are 
said  to  be  12  centimeters  or  more  in  length,  but 
in  descriptions  of  later  specimens  the  length  has 
been  given  as  somewhat  less.  Nothing  is  said 
as  to  the  sheath  in  this  species,  so  this  feature 
can  not  be  compared  with  P.  crossii. 

Occurrence:  Creede  formation,  north  ])ank 
of  Rio  Grande  near  Sevenmile  Bridge,  Creede, 
Colo.;  rhyolite  tuff  of  unknown  age  but  proba- 
bly considerably  older  than  Conejos  formation, 
below  (west  of)  Marshall  Pass,  Saguache  quad- 
rangle, Colo. 

Pinus  similis  Knowlton,  n.  sp. 

Plate  XLI,  %iirofl  11,  12. 

Leaves  in  clusters  of  four,  stout,  straight, 
4.5  to  5.5  centimeters  long;  sheath  of  the  leaf 
clusters  absent. 

It  is  with  considerable  hesitation  that  this 
form  is  described  as  a  new  species,  as  it  may  be 
only  a  slightly  larger  form  of  Pinus  crossii. 
The  base  of  the  leaves  is  indistinguishable  in 
appearance  in  the  two  forms,  and  the  presence 
of  only  four  leaves  in  the  cluster  of  P.  similis 
may  be  due  to  accident,  though  there  is  no 
evidence  of  it  in  the  best  preserved  example. 
A  single  detached  leaf  on  the  same  piece  of 
matrix  is  the  largest  one  observed  (5.5  centi- 
meters). 

Individual  leaves  of  this  form  are  indis- 
tinguishable from  leaves  of  Pinus  hambachi 
Kirchner,^  from  the  Florissant  lake  beds, 
but  that  species  is  said  to  have  the  leaves  in 
clusters  of  three,  and  the  resemblance  may  be 
only  superficial. 

Occurrence:  Creede  formation,  north  bank 
of  Rio  Grande,  near  Sevenmile  Bridge,  Creede, 
Colo.;  iluerto  formation,  north  end  of  Lake 
Santa  Maria,  San  Cristobal  ([uadrangle,  Colo. 

«  Kirehner,  W.  ('.  (J.,  St.  I^iis  Aini<l.  S<i.  Trans.,  vol.  \),  p.  17l».  pi.  13, 
ng.  3,  ISUS. 

'CockercU.  T.  I).  A..  Am.  Mus.  Nat.  Illst.  Mull.,  vol.  21,  p.  7S,  pi.  rt, 
ngs.  5. 11,  190H. 

*  Kirchner,  W.  C.  G.,  St.  Ivouis  Acad.  Sd.  Trans.,  vol.  9,  p.  174,  pi.  13. 
Og.  3,  180& 


Piiiiis  florissanti?  Lesqnereiix. 

Plate  XLI,  figure  7. 

Pinus  florissanti  Lewiuereux,  U.  S.  Geol.  Survey  Ten. 
Rept.,   vol.    8    (Cretaceoufl   and    Tertiary    florM)» 

p.  138,  pi.  21,  fig.  13,  1883. 

The  collection  contains  a  single  large  frag- 
mentary cone  that  seems  to  be  the  same  as 
Pinus  florissanti  Lesquereux. 

Occurrence:  Creede  formation,  north  bank 
of  Rio  Grande,  near  Sevenmile  Bridge,  Creede, 
Colo. 

Pinus  coloradensis  Knowlton,  n.  sp. 

Plate  XTJ,  figure  6. 

(?one  with  a  very  short,  thick  stalk,  ovoid, 
very  obtuse  at  apex,  3  centimeters  long, 
2.3  centimeters  in  diameter;  scales  much 
thickened  at  the  end:  apparently  with  a  short 
spine. 

The  example  figured  is  the  onh"  one  of  this 
type  observed  in  the  collections.  It  is  fairly 
perfect  except  for  a  few  scales  at  the  base. 
By  making  an  impression  in  clay  the  original 
appearance  is  restored,  as  shown  in  figure  6. 
At  first  it  was  presumed  that  this  specimen 
was  probably  the  cone  of  Pinus  crossii^  with 
which  it  was  associated,  but  whereas  the  ab- 
sence of  persistent  sheaths  to  the  leaf  clusters 
proves  that  form  to  belong  to  the  soft  pines, 
the  thickened  tips  of  the  scales  in  the  present 
form  show  it  clearly  to  belong  to  the  hard 
pines.  This  form  is,  for  instancy,  not  greatly 
unlike  the  cone  of  Pinus  arizonica  Engelmann, 
but  this  resemblance  is  doubtfully  to  be 
interpreted  as  a  real  relationship. 

The  only  fossil  species  of  the  region  and 
age  with  which  this  may  be  compared  is 
Pinus  florissanti  Lesquereux,^  from  the  Floris- 
sant lake  beds,  but  this  is  a  cone  10  centi- 
meters or  more  in  length  and  6  centimeters  in 
diameter,  and,  moreover,  the  thickened  tips 
of  the  cone  scales  aj)pear  to  be  different. 

Occurrence:  Creede  formation,  north  bank 
of  Uio  Grande,  near  vSevenmile  Bridge,  Creede, 
Colo. 

Abies  rigida  Knowlton,  n.  sp. 

Plato  XT.I,  %Mire8l,2,  4,  5. 

The  collection  from  Creede  contains  a 
number  of  leafy  branches  that  appear  to  belong 
to  the  genus  Abies,  but  whether  they  represent 

5  U\s<jiiomi\,  1.0O,  r.  S.  Geol.  Survey  Terr.  Rept.,  vol.  8  (Cretaceow 
and  Turtiury  tloras;,  pi.  21,  flg.  13,  1883. 
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more  than  one  species  is  difficult  to  decide. 
The  one  shown  in  figure  5  is  a  segment  from 
a  branch  and  is  about  6  centimeters  long, 
6  millimeters  in  diameter  at  the  base,  and  5 
millimeters  at  the  apex.  It  shows  the  scars 
of  leaves  disposed  in  oblique  rows.  On  one 
side  the  leaves  are  attached,  these  being 
apparently  rather  rigid,  slightly  arched  up- 
ward, and  obtusely  pointed  at  the  tips;  they 
are  about  12  millimeters  long.  The  branch 
shown  in  figure  2  is  the  tip  of  a  branch  about 
4  millimeters  in  diameter  and  has  the  leaves 
preserved  on  all  sides.  The  leaves  are  much 
the  same  as  in  figure  5.  Leaf  scars  are  present 
at  several  points  on  the  branch.  Figure  4 
is  also  the  tip  of  a  branch  that  retains  most 
of  the  leaves.  The  leaves  seem  narrower 
and  less  rigid  than  in  the  other  specimens  men- 
tioned; they  are  2  centimeters  or  more  in 
length.  The  specimen  given  in  figure  1  is 
a  shoot  segment  from  which  most  of  the  leaves 
have  fallen  and  is  figured  mainly  because  it 
shows  the  leaf  scars  so  plainly.  The  leaves 
appear  to  agree  most  closely  with  those  of 
figure  2. 

It  is  possible  that  the  specimens  shown  in 
figures  1  and  2  are  specifically  distinct  from 
those  of  figures  4  and  5,  but  as  only  one  type 
of  Abies  cone  has  been  found  it  seems  best 
to  keep  them  together  for  the  present.  It 
is  of  course  not  at  all  certain  that  the  cone 
scales  belong  to  either  of  the  branches,  though 
it  is  perhaps  a  fair  inference  that  they  do. 

Occurrence  u  Creede  formation,  north  bank 
of  Rio  Grande,  near  Sevenmile  Bridge,  Creede, 
Colo. 

Abies  longirostris  Knowlton,  n.  sp. 

Plate  XLII,  figures  1,2. 

Cone  scales  thin,  flat,  much  broader  than  long 
(16  to  18  millimeters  \vide,  8  to  10  millimeters 
long  exclusive  of  the  basal  attached  point); 
bracts  of  cone  scales  oblong,  firmly  attached  to 
the  scales  and  deciduous  with  them,  prolonged 
above  into  a  slender,  rigid  tip  2  to  4  centi- 
meters long. 

The  collection  contains  a  number  of  de- 
tached cone  scales  that  appear  certainly  to 
belong  to  Abies.  They  are  excellently  pre- 
served, the  two  selected  for  figuring  being 
practically  perfect.  They  show  both  sides  of 
the  scale.    The  one  in  figure  1  shows  the  back 


of  the  scale  with  the  narrowly  oblong  bract 
firmly  adhering  to  it  and  prolonged  above  into 
a  rigid  tip  or  spine  fully  4  centimeters  long. 
The  other  (fig.  2)  exhibits  the  upper  side  of  the 
cone  scale  with  the  bract  prolonged  above  it 
for  more  than  4  centimeters. 

This  species  appears  to  be  most  closely  re- 
lated to  Abies  venusia  Koch,  the  so-called  silver 
fir  of  the  Santa  Lucia  Mountains  in  Monterey 
County,  Calif.;  at  least  it  agrees  with  that 
species  in  some  important  particulars,  such  as 
the  firm  consolidation  of  the  bract  with  the 
cone  scale  and  its  prolongation  into  the  long, 
slender  tip. 

Occurrence :  Creede  formation,  north  bank  of 
Rio  Grande  near  Sevenmile  Bridge,  Creede, 
Colo. 

Sabina  linguaefolia  (Lesquereux)  Cockerell. 

Sahina    linguaefolia    (Tiesquereux)    Cockerell,    Colorado 
Univ.  Studies,  vol.  3,  p.  175,  1906;   Am.  Mus.  Nat. 
Hist.  Bull.,  vol.  24,  p.  79,  1908. 
Knowlton,  U.S.  Nat.  Mus.  Proc.,  vol.  51,  p.  249,  1916. 

Widdringionia  linguaefolia  Lesquereux,  U.  S.  Geol.  Sur- 
vey Terr.  Rept.,  vol.  8  (Cretaceous  and  Tertiary 
floras),  p.  139,  pi.  21,  figs.  14,  14a,  1883. 

This  characteristic  species  is  represented  by 
a  single  branch  with  two  or  three  short  branch- 
lets. 

Occurrence:  Creede  formation,  north  bank 
of  Rio  Grande  near  Sevenmile  Bridge,  Creede, 
Colo. 

Populus  lesquereux!  Cockerell. 

Plate  XLIV. 

Populus  lesquereuxi  Cockerell,  Torrey  Bot.  Club  Bull., 
vol.  33,  p.  307,  1906. 

Populus  hecrii  Saporta.  Lesquereux,  U.  S.  Geol.  Survey 
Terr.  Rept.,  vol.  8  (Cretaceous  and  Tertiary  floras), 
p.  157,  pi.  30,  figs.  1-8;  pi.  31,  fig.  11,  1883. 

The  basal  portion  wdth  its  petiole  complete 
of  a  very  large  leaf  is  all  that  was  found  of  this 
species.  The  petiole  is  nearly  3  millimeters 
thick  and  7.5  centimeters  long.  The  width  of 
the  bhide  is  slightly  more  than  6  centimeters. 

This  leaf  is  similar  in  size  to  the  largest  one 
figured  by  Lesquereux  (op.  cit.,  pi.  30,  fig.  5), 
which  lacks  the  basal  portion  and  the  petiole, 
which  the  present  leaf  supplies.  Lesquereux 's 
leaf  must  have  been  nearly  or  quite  24  centi- 
meters in  length. 

Occurrence:  Creede  formation,  west  bank  of 
Rio  Grande  near  Sevenmile  Bridge,  Creede, 
Colo. 
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AInufi?  laraeni  Knowlton,  n.  sp. 

Plato  XI.II,rijrure:?. 


Rnbus?  inqnirendiis  Knowltoii,  n.  sp. 

Plate  XLIII,  figure  11. 

Inflorescence  racemose,  main  axis  zdgzag, 
iibout  14  millimeters  long,  flowers  scattered, 
fXMliceled,  the  pedicels  slender,  2  or  3  milli- 
meters long;  calyx  inferior,  five-parted;  fruit 
(  0  obscure. 

It  is  with  some  hesitation  that  this  little  in- 
flori^scence  is  rt^f erred  to  Rubus.  It  is  v6ry 
small  and  delicate,  and  the  preservation  is 
not  all  that  could  be  desired.  Neither  the 
main  axis  nor  the  pedicels  are  provided  with 
prickles  or  glands,  nor  is  each  pedicel  sub- 
tended by  a  bract,  as  in  many  living  species; 
l)ut.  on  the  other  hand,  there  are  a  number 
of  recent  species  without  all  or  some  of  these 
features.  The  calyx  is  very  obscure.  It  ap- 
pears certainly  to  be  inferior  and  five-parted, 
though  only  three  lobes  are  preserved  in  any 
one  flower.  The  central  part  of  the  '* flower'' 
is  so  poorl}'  preserved  that  its  exact  nature 
can  not  be  made  out  with  certainty.  It  may 
consist  of  a  definite  number  or  possibly  a  mass 
of  carpels. 

It  is  possibly  unwise  to  attempt  even  a  ten- 
tative placing  of  this  fragment,  but  fossil 
flowers  and  fruits  are  so  rare  that  even  poorly 
preserved  specimens  may  have  some  value. 
This  form  is  perhaps  definite  enough  to  permit 
its  recognition  if  again  found. 

Occurrence :  Creede  formation,  north  bank  of 
Rio  Grande  near  Sevenmile  Bridge,  Creede, 
Colo. 

Ribes  protomelaenuiti  Cockerell. 

Plate  XM  I,  figures  5-9. 

Rihcs   protomelaenum    Cockerell,    Am.    Mus.    Nat.    Hist. 
Hull.,  vol.  24,  p.  93,  pi.  7,  fig.  15,  1908. 

This  species  was  founded  on  a  single  example 
from  the  Florissant  lake  beds  and  is  described 
as  being  about  4.G  centimeters  long  and  fully 
()  centimeters  broad.  It  is  described  as  having 
the  base  deeply  cordate,  '*the  sides  of  the 
basal  |)()rtion  rounded,  without  lobes.*'  The 
iiji:ure  shows  that  the  basal  portion  is  entirely 
absent  on  one  side,  and  the  other  appears 
rather  indefinite. 

The  collection  from  Creede  contains  about 
Santa  Maria,  San  Cristobal  (|uaiiran»j:le,  (\>lo.  I  a    dozen    leaves    referred    to    this   species,    of 

various  sizes  and  very  perfectly  preserved. 
Thev    are    all    distinctlv   five-lobed,    and   the 


liiMif  unall,  evidently  (inn  in  texture,  ellip- 
ti<'al,  about  e(|ually  narrowed  to  both  base  and 
a|)ex;  margin  Hhar|)ly  serrate:  petiole  long, 
Hiender;  nervation  faintly  |)reserve(l,  consist- 
ing of  a  relatively  strong  midrib  and  seven  or 
eight  pairs  of  thin  secondaries  at  an  angle  of 
about  40°;    liner  nefvation  not  retained. 

Only  a  single  s|)ecimeii  of  this  form  with  its 
counter|)art  was  found  in  tiie  collection.  It  is 
regularly  elli|)tical,  ti  centimeters  I')ng  and  2.S 
centimeters  wide,  with  the  petioU  preserved 
for  a  length  of  Lf)  ccntimc^ters. 

I  am  a  little  in  doubt  as  to  the  generic  ref- 
erence of  this  leaf.  In  living  species  of  Alnus 
the  margin  is  often  doubly  serrate,  sometimes 
crenate-dentate,  and  only  rarely — as,  for  in- 
stance, in  Ainns  marltima  Nuttall — simply 
serrate.  The  present  leaf  is  similar  to  Alniis 
vormlllna  Lesciuereux,''  from  the  Miocene  of 
(^difornia,  but  it  has  fewer,  more  irregular 
secondaries.  The  finer  nervation  can  not  be 
compared. 

The  species  is  named  in  honor  of  Esper  S. 
Larsen,  of  the  Unit<?d  States  Geological  Survey, 
who  collected  it. 

Occurrence:  Creede  formation,  north  bank  of 
Kio  Grande  near  Sevenmile  Bridge,  Creede, 
Ct>lo. 

PUnerm  myricaefoUa  (Lesquereux)  C<>€kereU. 

Plate  XLIII,  figures  10,  17. 

PtiitWii  myncacfnlia  iLet»<iuereux)  Cockerell,   Am.   Muj?. 
Nat.*  HL»t.  Hull.,  vol.  24,  p.  88,  1JM)S. 
Knowlion.  V.  S.  Nat.  Mus.  Proc.,  vol.  51,  p.  2<i(),  pi. 
21.  fig.  2.  1910. 

Platurn  hmgi/olia  myru'Ht'foUa  I-.e8<iuereux,  l'.  S.  (ieol. 
Survey  Terr.  Rept.,  vol.  8  (Cretacwus  and  Ter- 
tiary tlora^..  p.  101,  pi.  1<).  fiirs.  14  27.  188;J. 

Tlie  collection  fn>m  Cnunle  contains  about  a 
dozen  leaves  that  are  undoubtedly  id(»ntical 
with  this  spei*ies.  Thev  are  smaller  than  the 
average  leaves  figured  by  Les(iuereux,  though 
not  smaller  than  the  smallest  one. 

Occum^nce:  Creede  fi^rmation,  north  bank 
of  Rio  Grande  near  Sevenmile  Bridge,  Creede, 
C4»lo.     Iluerto  formation,  north  end  of  Lake 


»  L«!<»r-i«f^nix.  Lea  V.  S.  Oeol.  Sunoy  Terr.  Kept.,  vol.  ^  il'rotat-oous 
Ln  i  Tertiiry  flor*s».  pi.  51.  flgs.  l-i».  is\i. 
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basal  lobes  are  smaller  thAii  the  upper  lobes 
and  in  some  specimens  nearly  entire.  The 
largest  leaf  (fig.  8)  is  5.3  centimeters  long  to 
the  top  of  the  petiole  and  5.7  centimeters 
broad.  It  has  the  petiole  preserved  for  a 
length  of  1  centirieter.  The  next  in  size  (fig. 
9)  is  absolutely  perfect  and  is  3  centimeters 
long  and  4  centimeters  broad  between  the 
upper  lobes.  The  petiole  complete  is  l.S 
centimeters  long.  Still  smaller  leaves  arc 
shown  in  figures  5-7.  Figure  7  represents 
an  almost  perfect  leaf  1.7  centimeters  long 
and  2.3  centimeters  wide,  with  the  petiole  1.2 
centimeters  long. 

Rihes  protomeluenum  resembles  closely  a 
number  of  living  species.  Cockerell  compared 
it  to  Riies  nigrvm  Linn6  and  7?.  hvdsoniajium 
Richards,  but  even  more  clearly  it  seems  to 
me  to  resemble  R.  rubnim  Linn6  and  R. 
prostraium  L'H6ritier. 

Occurrence:  Creede  formation,  north  bank 
of  Rio  Grande  near  Sevenmile  Bridge,  Creede, 
Colo.;  Huerto  formation,  north  end  of  Lake 
Santa  Maria,  San  Cristobal  quadrangle,  Colo. 

ViUs  florissantella  CockerelL 

Plate  XLII,  figure  4. 

Vitia  florissantella  Cockerell,  Am.  Mus.  Nat.  Hiat.  Bull., 
vol.  24,  p.  102,  pi.  7,  fig.  18,  1908. 

A  single  leaf  with  its  counterpart  clearly 
belongs  to  this  species.  It  is  even  smaller 
than  the  type,  being  only  about  22  milli- 
meters long  and  23  millimeters  broad.  It 
lacks  the  basal  portion  but  otherwise  agrees 
with  the  type. 

Occurrence:  Creede  formation,  west  bank 
of  Rio  Grande  near  Sevenmile  Bridge,  Creede, 
Colo. 

Odostemon  marginataC?)  (Lesquereux)  Knowlton, 

n.  comb. 

Plate  XL  I II,  figures  7-10. 

Hedera  marginata  Les<iuereux,  U.  S.  Geol.  Survey  Terr. 
Rept.,  vol.  8  (Oetaceous  and  Tertiary  floras),  p. 
177,  pi.  40,  fig.  8,  1883. 

Leaves  pinnate  (0,  at  least  trifoliolatc; 
petiole  short,  stout;  leaflets  coriaceous  in 
texture,  closely  sessile  at  the  top  of  the  petiole, 
nearly  circular  or  broadly  ovute,  very  obtusely 
wedge-shaped,  truncate  or  even  slightly  heart- 
shaped  at  base,  the  margin  with  usually  three 


strong  teeth  or  lobes  on  each  side,  the  lobes 
sharp-pointed  and  apparently  spine-tipped; 
nervation  palmate  from  the  base,  the  middle 
rib  slightly  stronger,  other  nervation  much 
joined  or  sometimes  running  to  the  lateral 
lobes. 

The  specimens  from  Creede  that  are  here^ 
figured  have  been  the  basis  of  a  good  deal  of 
study  and  not  a  little  speculation.  It  was 
early  recognized  that  they  were  certainly 
identical  with  the  Hedera  marginata  of  Les- 
quereux, but  the  question  of  their  relationship 
was  much  in  doubt.  It  seemed  improbable 
that  they  were  correctly  referred  to  Hedera; 
in  fact,  Lesquereux  expressed  the  opinion 
when  the  species  was  first  described  that  he 
knew  '^nothing  to  wliich  this  leaf  may  be 
related,^'  and  others  have  expressed  the  same 
uncertainty.  It  was  not  until  the  specimen 
with  the  leaflets  attached  was  discovered  that 
the  affinity  of  this  form  was  suspected.  This 
specimen  (fig.  7)  has  one  leaflet  complete  and 
the  bases  of  the  other  two,  together  with  the 
perfect  petiole.  The  best  leaflet  is  10  milli- 
meters long  and  7  or  8  millimeters  broad.  The 
spread  of  the  whole  leaf  should  be  about  22 
millimeters;  the  length  of  the  petiole  is  8  milli- 
meters. The  best  preserved  leaflet  has  three 
teeth  on  the  lower  side  and  two  on  the  upper 
side.  The  terminal  leaflet  has  only  the  ob- 
tusely wedge-shaped  basal  portion  preserved. 

Another  well-preserved  leaflet  is  the  one 
shown  in  figure  9.  It  is  slightly  larger  than  the 
one  just  described,  being  about  18  millimeters 
long  and  17  millimeters  wide.  It  has  large 
spine-tipped  teeth  and  in  size,  teeth,  and  ner- 
vation closely  resembles  the  type  of  Hedera 
marginata.  Still  larger,  but  so  fragmentary 
that  it  can  not  be  accurately  measured,  is  the 
one  seen  in  figure  10.  This  has  the  nervation 
well  preserved  and  also  the  spine  on  one  of  the 
teeth.  The  largest  specimen — ^figure  8 — is 
nearly  perfect.  It  is  oblique  and  slightly 
heart-shaped  at  the  base  and  has  the  usual 
strong  teeth  and  the  characteristic  nervation. 
Its  length  is  about  28  millimeters  and  its  width 
about  30  millimeters. 

The  genus  Odostemon  Rafinesque  {Mahonia 
of  Nuttall;  Berherw  section  Mahonia  of  au- 
thors) comprises  about  20  species  in  central 
Asia,  China,  North  America,  and  adjacent 
Mexico.     They  are  unarmed  shrubs  with  pin- 
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nately    compound    spinose-toothed  ^evergreen 
leaves. 

Occurrence:  Creede  formation,  north  bank 
of  Rio  Grande,  near  Sevenmile  Bridge,  Creede, 
Colo. 

Odostemon  hakeaefoUa  (Lesquereux)  Knowlton, 

n.  comb. 

Plate  XLIII,  figures  1-6. 

Lomaiia  haheaefolia  Lesquereux,  U.  R.  Geol.  Survey  Terr. 

Kept.,  vol.  8  (( 'retaceous  and  Tertiary  floras),  p.  IGG, 

pi.  32,  fig.  19,  1883. 
LotfuUites  haekaefolia  (Lescjuereux)  Cockerell.  Am.  Mus. 

Nat.  Hist.  Bull.,  vol.  24,  p.  89,  1908. 
Knowlton,  U.  S.  Nat.  Mus.  Proo.,  vol.  51,  p.  267,  pi. 

26,  figs.  1,  2,  1916. 
Carduus  florissanteTms  Cockerell,  Torrey  Bot.  Club  Bull., 

vol.  33,  p.  311,  text  fig.  6,  1906. 
? Odostemon  florissanten^is  Cockerell,  Am.  Mus.  Nat.  Hist. 

Bull.,  vol.  24,  p.  91.  1908. 

The  leaves  of  Odostemon  are  pinnate,  and  it 
IS  assumed  that  the  leaves  of  the  present  fossil 
species  were  similarly  arranged,  but  as  none 
have  thus  far  been  found  attached  it  is  impos- 
sible to  be  certain.  The  leaflets,  if  this  has 
been  correctly  interpreted,  were  closely  sessile, 
with  an  obtusely  wedge-shaped  or  nearly  trun- 
cate base  and  slender,  sharp-pointed  apex. 
They  are  lanceolate  in  general  outline,  with 
usually  three  teeth  on  each  side;  these  teeth  are 
separated  by  rounded  sinuses  and  are  spinous 
tipped,  as  is  the  apical  lobe.  The  nervation 
consists  of  a  relatively  strong  midrib  and  a 
rather  loose  network  of  veins  that  supply  the 
several  lobes.  The  leaflets  are  evidently  thick 
and  coriaceous  in  texture  and  have  the  margin 
all  around  thickened  as  if  bound  with  a  cord, 
precisely  as  in  the  living  species.  The  length 
varies  between  2  and  4  centimeters  and  the 
width  between  1  and  2  centimeters.  Some  of 
the  specimens,  perhaps  the  majority,  are  broad- 
est at  the  base,  and  others  are  broadest  be- 
tween the  points  of  the  upper  lobes. 

If  my  assumption  is  correct,  as  it  is  now  be- 
lieved to  be,  this  species  was  first  described 
under  the  name  Lomatia  hakeaefolm  Lesque- 
reux '  from  material  collected  in  the  Florissant 
lake  beds.  It  was  bjtsed  on  a  single  specimen 
about  5  centimeters  long  and  2.5  centimeters 
wide.  It  has  four  teeth  or  lobes  on  each  side 
and  no  trace  of  nervation  except  a  strong 
midrib. 


Lesquereux  states  that  his  Lomaiia  hdkeae' 
folia  he  regards  as  closely  related  to  his  Zomo^ia 
spinosa,  which  was  described  '  at  the  same 
time.  Z.  spinosa  was  also  based  on  a  single 
specimen  about  8  centimeters  long  and  2.5 
centimeters  wide  and  differs  from  L.  hakeae- 
folia  in  being  deeply  cut  into  very  large,  sharp- 
pointed  lobes.  The  apical  portion  especially  is 
drawn  out  into  a  long,  slender  point.  There  is 
no  nervation  preserved  except  a  short  basal 
portion  of  the  midrib. 

These  two  species  are  certainly  congeneric 
and  probably  conspecific.  Additional  exam- 
ples of  Les(}uereux's  Lomatia  JiakeOrefolia  have 
been  procured  at  Florissant  by  Cockerell, 
Knowlton,  and  others.  The  leaves  figured  in 
my  recent  paper'  on  the  Florissant  plants  are 
undoubtedly  identical  with  L.  halceasfolia; 
and  L.  spinosa  of  Lesquereux  is  only  an  elon- 
gated, narrow,  stronger-toothed  form.  It  is 
comparable,  for  instance,  to  the  specimen 
shown  in  figure  1  except  as  regards  size,  the 
latter  being  only  about  half  as  long. 

The  leaf  described  by  Cockerel^®  as  CarduuB 
Jlorissantensis  undoubtedly  belongs  here,  be- 
ing indistinguishable  from  figure  1.  The 
thickened  margin  and  peculiar  arched  veins 
more  or  less  parallel  to  the  midrib  he  describes 
are  characters  of  Odostemon, 

Cockerell"  also  described  as  Odostemon  Jlor* 
issant^nsis  a  leafle't  from  Florissant  that  prob- 
ably belongs  with  Odostemon  haJceOrefolia,  It 
was  not  figured  but  is  said  to  be  similar  to 
Odostemon  simplex  (Newberry)  Cockerell  (Ber- 
beris  simplex  Newberry),  from  the  upper 
Eocene  of  Bridge  Creek,  Oreg.,  except  that  the 
"inferior  basal  angle  is  produced  into  a  tooth, 
so  that  the  truncate  base  of  the  leaf  is  greatly 
broadened."  It  is  about  4.2  centimeters  long 
and  4.8  centimeters  wide  and  has  three  teeth 
on  each  side,  ^'not  counting  the  base."  This 
seems  to  fit  the  description  of  Odostemon 
hakeaefoUa  y  and  therefore  Cockerell 's  form  has 
been  referred  to  that  species. 

Occurrence:  Creede  formation,  north  bank 
of  Rio  Grande  near  Sevenmile  Bridge,  Creede, 
Colo. 


•  l^tr^nuirwx,  lAnt,  L'.  S.  rjcril.  Siin'«'y  Terr.  Kept.,  vol.  8  (Cretaceous 
wl  Twtuiry  fl'jras  >,  j i.  ICC,  pi.  32,  fig.  19,  liW3. 


"  Lcsquernix,  Leo,  op.  cit.,  p.  166,  pi.  43,  flg.  1. 

9  Knowlton,  F.  H.,  U.  S.  Xat.  Mus.  Prix;.,  vol.  f*!,  p.  267,  pi.  26,  figs. 
1,2,  1916. 

wCockorcU,  T.  D.  A..  Torrey  Bot.  Club  Bull.,  vol.  33,  p.  311,  tert 
fig.  (>,  1906. 

"  Cockerell,  T.  D.  A.,  Am.  Mus.  Nat.  HLst.  Bull.,  vol.  24,  p.  91, 1«8. 


FOSSIL  PLANTS  OF  SOUTH-CENTBAL  COLORADO. 


191 


Stercnlia  aceroldes  Knowlton,  n.  sp. 

Plate  XLIII,  figure  12. 

Leaf  small,  semicoriaceous  in  texture,  round- 
ed and  truncate  at  the  base,  three-lobed,  the 
central  lobe  apparently  much  the  longest  and 
strongest  (broken),  lateral  lobes  short,  acute, 
at  an  angle  of  about  45°;  nervation  obscure, 
except  for  the  very  strong  midrib  and  the 
much  lighter  lateral  ribs,  which  arise  near  the 
base  of  the  blade. 

This  little  leaf,  the  only  one  seen  in  the 
collection,  has  the  basal  portion  well  preserved, 
but  the  evidently  large  central  lobe  is  broken. 
The  distance  between  the  tips  of  the  lateral 
lobes  is  about  3.5  centimetei*s. 

Two  species  of  Stercidia  have  been  described 
from  material  found  in  the  Florissant  lake 
beds — Stercvlia  rigida  Lesquereux*'  and  S. 
engleri  Barchner.*'  These  species  are  of  the 
same  tjrpe,  about  the  only  difference  being  in 
size;  they  should  probably  be  combined. 

The  present  form  differs  from  the  Florissant 
forms  in  being  rounded  and  full  instead  of 
wedge-shaped  at  the  base  and  in  having  rela- 
tively shorter  lateral  lobes.  The  central  lobe, 
to  judge  from  the  very  strong  midrib,  was 
probably  very  long  and  slender.  The  nerva- 
tion, except  for  the  three  ribs,  is  practically 
obsolete. 

Occurrence:  Creede  formation,  north  bank 

of  Rio  Grande,  near  Sevenmile  Bridge,  Creede, 

Colo. 

Phyllites  sp. 

Plate  XLIII,  figure  15. 

Leaf  minute,  delicate  in  texture,  obovate, 
rounded  at  the  apex,  long  ridge-shaped  at  the 
base;  apparently  short  petioled;  margin  entire; 
nervation  very  delicate,  consisting  of  a  straight 
midrib  and  about  three  pairs  of  thin  secondaries 
that  pass  up  for  a  considerable  distance ;  finer 
nervation  obsolete. 

This  little  leaf  or  leaflet,  the  only  one  ob- 
served in  the  collection,  is  about  7  milli- 
meters long  and  5  millimeters  broad.  It  was 
apparently  sessile,  or  neiwly  so. 

I  have  hesitated  to  assign  this  leaf  to  a  defi- 
nite genus,  as  it  is  so  nondescript  that  it  is 

"  Lesquereux,  Leo,  U.  S.  Gcol.  Survey  Terr.  Rept.,  vol.  8  (Cretaceous 
and  Tpniary  floras),  p.  179,  pi.  34,  fig.  12,  1883. 

"  Kirchner,  W.  C.  0.,  St.  Louis  Acad.  Sci.  Trans.,  vol.  8,  p.  ISO,  pi.  14, 
fig.  3, 1808. 


hard  to  place  with  any  degree  of  reasonable- 
ness. It  resembles  a  number  of  described 
forms,  such  as  Celastma  murchisoni  Heer," 
from  the  Swiss  Miocene,  though  it  is  much 
smaller.  It  is  also  similar  to  certain  leaflets 
that  have  been  called  Leguminosites,  but 
conjectures  as  to  its  affinity  would  hardly 
serve  any  useful  end. 

Occurrence:  Creede  formation,   north  bank 
of  Rio  Grande  near  Sevenmile  Bridge,  Creede 
Colo. 

Phyllites  sp. 

Plate  XLIII,  figure  13. 

In  the  collections  from  Creede  I  find  the 
little  leaf  here  figured,  which  with  its  counter- 
part is  the  only  one  noted.  It  is  small,  about 
18  millimeters  long  and  9  millimeters  broad, 
ovate,  somewhat  decurrent  at  the  base,  and 
moderately  pointed  at  the  apex.  The  margin 
has  about  four  relatively  large,  sharp-pointed 
teeth  on  each  side.  The  nervation  is  very  light, 
consisting  of  a  straight  midrib  and  four  pairs 
of  thin,  opposite  secondaries,  which  end  in 
the  teeth. 

It  is  so  difficult,  not  to  say  impossible,  to 
place  this  little  leaf  in  the  correct  genus  that 
it  has  been  referred  without  specific  name  to 
the  nondescript  genus  Phyllites. 

Occurrence:  Creede  formation,  north  bank 
of  Rio  Grande  near  Sevenmile  Bridge,  Creede, 
Colo. 

Phyllites  potentilloides  Knowlton,  n.  sp. 

Plate  XLIII,  figure  14. 

The  material  from  Lake  Santa  Maria  includes 
the  single  example  figured,  which  appears  to 
be  a  small  compound  leaf  with  at  least  seven 
leaflets.  The  terminal  leaflet  is  deeply  cut 
into  three  lanceolate  segments,  the  margins 
of  which  are  provided  with  rather  remote, 
sharp  teeth.  The  lower  leaflets  are  sessile  or 
nearly  so,  lanceolate-acuminate,  with  sharply 
toothed  margins.  The  nervation  consists  of 
a  very  strong  midrib  and  a  few  secondaries 
that  seem  to  enter  the  teeth.  The  whole  leaf 
is  about  5  centimeters  long,  and  the  lower 
leaflets  are  1.5  to  2  centimeters  long  and  0.5 
centimeter  wide. 

"  Heer,  Oswald,  Flora  tertiarla  Helvetiae,  vol.  3,  pi.  121,  fig.  6, 1850. 
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This  specimen  is  so  well  preserved  that  seem- 
ingly it  should  not  be  difficult  to  place  gencri- 
cally,  but  nevertheless  its  generic  reference  is 
uncertain.  It  resembles  a  number  of  things, 
particularly  certain  pinnate-leaved  species  of 
PotentiUa,  such  as  P.  Jiippiana  Lehmann,  but 
there  are  features  that  do  not  agree,  and  rather 


than  make  a  wrong  generic  reference  I  think 
best  to  place  it,  at  least  temporarily,  in  Phyllites. 
It  has  been  given  a  specific  name  that  suggests 
its  resemblance  to  Pbtentilla. 

Occurrence:  Iluerto  formation,  north  end 
of  Lake  Santa  Maria,  San  Cristobal  quadrangle, 
Colo. 


PLATES  XLI— XLIV. 
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PL.\TE  XLI. 

Figures  1,  2,  4,  5.  Abies  rigida  Knowlton,  from  Creede  formation,  near  Creede,  Colo.    U.  S.  Nat.  Mua.  catalog 

NoTi.  36505,  36507,  36508,  36509 186 

6.  Pvius  coloradensis  Knowlton,  from  Creede  formation,  near  Creede,  Colo.    U.  S.  Nat  Mu8. 

catalog  No.  36506 186 

7.  Pinus  florissantif  Lcsquereux,  from  Creede  formation,  near  Creede,  Colo.    U.  S.  Nat  Mus. 

catalog  No.  36510 186 

3,  8-10.  Pinus  crossii  Knowlton,  from  Creede  formation,  near  Creede,  Colo.    U.  S.  Nat.  Mus.  catalog 

Noe.  36511,36512,  36513,  36514 185 

11,  12.  Pinus  similis  Knowlton,  from  Creede  formation,  near  Creede,  Colo.    U.  S.  Nat.  Mua.  catalog 

Nob.  36515,  365 J  G '. 186 
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PTATE  XIJI. 

Page. 
Figures  1,  2.  Abies  longirostris  Knowllon,  from  Orec<lo  formation,  near  Creede,  Colo.    U.  R.  Nat.  Mus.  catalog 

Noe.  36617,  36618 187 

3.  Alnusf  larseni  Knowlton,  from  Creodo  formation,  near  Creede,  Colo.    U.  S.  Nat.  Mus.  catalog  No. 

36519 ....       188 

4.  Vitis  florissanUlla  Cockerell,  from  Creede  formation,  near  Creede,  Colo.     U.  S.  Nat.  Mus.  catalog 

No.  36520 189 

5-9.  Rihes  protomelaenum  Cockerell,  from  Creede  formation,  near  Creede,  Colo.    U.  S.  Nat.  Mus. 

catalog  No6.  36621,  36522,  36623,  36624,  36525 188 
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TIATE  XLIII. 

I'Vu'Ki  N  I  <»    (itlttshmnn  hnheaefoUa  (lieBqucroux)  Knowlton,  irom  C'retKlc  formation,  near  Oeede,  Colo.    U.  S. 

Nut.  Mum.  catalog  Noe.  36526,  36527,  36528,  36529,  36530,  365;^ 190 

;   u».  thinHtfimni  marginata  (Leequcreux)  Knowlton,  from  Creede  formation,  near  Creede,  Colo.    U.  S. 

Nat.  Mu«.  catalog  No6.  36532,  36533,  36534,  36535 189 

1 1 .  liuhujii  inquirendus  Knowlton,  from  Creede  formation,  near  Creede,  Colo.    U.  S.  Nat.  Mus.  catalog 

No.  36536 188 

12.  Strrciilia  aceroides  Knowlton,  from  Creede  formation,  near  Creede,  Colo.    U.  S.  Nat.  Mub.  catalog 

No.  36537 191 

13.  Phyllites  sp.,  from  Creede  formation,  near  Creede,  Colo.    U.  S.  Nat.  Mus.  catalog  No.  36538 191 

I'l.  PhylliUs  potrntilUndeM  Knowlton,  from  Huerto  formation,  north  end  of  Lake  Santa  Maria,  San 

Cristobal  quadrangle,  Colo.    U.  S.  Nat.  Mus.  catalog  No.  36539 191 

15.  PhylUtes  sp.,  from  Creede  formation,  near  Creo<lo,  Colo.    U.  S.  Nat.  Mus.  catalog  No.  36540 191 

16,17.  Planera  myricacfolia  (I^esqueroux)  Cockorcll,  from  Creede  formation,  near  Creede,  Colo.    U.S. 

Nat.  Mus.  catalog  Noe.  36541,  36542 188 
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PLATE  XLR'^. 

Populua  lesquereuxi  Cockerell,  from  Creede  formation,  near  (  reede,  Colo.     U.  S.  Nat.  Mus.  catalog  No.  36543 187 
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THE  FAUNA  OF  THE  SO-CALLED  DAKOTA  FORMATION  OF  NORTHERN 

CENTRAL  COLORADO  AND  ITS  EQUIVALENT  IN 

SOUTHEASTERN  WYOMING. 


By  John  B.  Reeside,  Jr. 


INTRODUCTION. 

Thifi  paper  describes  a  small  fauna  from 
beds  in  northern  central  Colorado  that  have 
long  been  designated  the  Dakota  formation, 
often  with  doubt  that  all  the  beds  so  named 
were  really  equivalent  to  the  typical  Dakota 
sandstone  of  eastern  Nebraska.  The  upper 
part  of  the  equivalent  beds  in  southeastern 
Wyoming  was  referred  by  some  writers  to  the 
Benton  shale  and  the  lower  part  to  the  Cloverly 
formation.  This  so-called  Dakota  formation  of 
northern  central  Colorado  and  its  equivalent 
in  southeastern  Wyoming  consist  of  cherty 
conglomerate,  brown  quartzose  sandstone,  and 
dark  shale.  The  conglomerate  is  usually  at 
the  base  of  the  series  and  at  many  locahties  is 
overlain  by  a  single  shale  xmit  and  that  in 
turn  by  a  sandstone.  At  other  localities, 
however,  there  are  several  alternations  of 
sandstone  and  shale  above  the  basal  conglom- 
eratic layer.  The  fossils  described  in  this 
paper,  except  one  specimen,  were  obtained 
from  the  shales  of  the  middle  part  of  the  for- 
mation. The  single  specimen,  an  ammonite, 
came  from  the  uppermost  sandstone. 

Fossils  from  the  ^* Dakota  formation''  of 
northern  Colorado  were  first  recorded  by  Prof. 
Junius  Henderson,^  of  the  University  of 
Colorado.  Henderson  states  that  fossils  were 
found  by  T.  W.  Stanton  and  himself  at  almost 
every  good  exposure  of  the  *' medial  shales'' 
from  a  locaUty  5  miles  north  of  Boulder, 
Colo.,  to  Owl  Canyon,  in  northern  Larimer 
Coimty,  though  they  were  not  determinative. 
He  suggests  that  the  presence  of  Comanche 
fossils  at  Canon  City  and  the  persistence  of  a 
tripartite  division  in  the  *^ Dakota  formation" 
indicate  ^Hhat  at  least  part   of   the  medial 

1  HenderaoD,  Junius,  The  foothills  formations  of  north-central  Colorado: 
Colarado  Oool.  Survey  First  Ann.  Kept.,  pp.  172-176,  1908:  The  Creta- 
ceous form&tioiis  of  northeastern  Colorado  and  the  foothills  formations 
of  north-central  Colorado:  Colorado  Geol.  Survey  Bull.  19,  pp.  83-85, 

lino. 


shales  and  lower  sandstone  member  in  the 
Boulder  district  and  northward  may  be  the 
time  equivalent  of  the  Comanche."  The 
fossils  of  the  northern  area  are  mostly  in  poor 
condition  and  are  said  to  include  one  or  more 
species  of  Ostrea,  an  Inoceramus  indistinguish- 
able from  /.  Idbiatiis  Schlotheim,  and  an 
Avicvla  closely  related  to  A.  linguaeformis 
Evans  and  Shumard,  though  probably  not 
identical.  • 

Mr.  Stanton  made  six  collections  from  as 
many  localities  in  1906  and  others  in  1909  and 
1920.  In  1907  Prof.  Henderson  made  a  collec- 
tion of  which  a  part  was  presented  by  him  to 
the  Geological  Survey.  In  1921  larger  collec- 
tions were  made  at  six  localities  by  W.  T.  Lee. 
These  later  collections  have  supplied  more  ade- 
quate specimens  of  most  of  the  species  than 
were  contained  in  the  earlier  collections  and 
have  shown  more  definitely  the  relationships 
of  the  fossils.  All  the  material  in  these  collec- 
tions has,  through  Mr.  Stanton's  kindness,  been 
in  the  writer's  hands,  as  well  as  specimens  for 
comparison  from  the  Washita  fauna  of  south- 
ern Colorado,  New  Mexico,  Kansas,  and  Texas 
contained  in  the  collections  of  the  Geological 
Smvey. 

THE  FAUNA  AND  ITS  RELATIONS. 

The  fauna  of  the  "middle  Dakota  shale''  of 
northern  Colorado  and  southern  Wyoming  in- 
cludes seven  species,  of  which  one  is  not  defin- 
itely determinable,  three  are  assigned  to  new 
species,  and  three  are  assigned  to  species  pre- 
viously described.  The  list  of  species  is  as 
follows : 

Inoceramus  comanchcanus  Cragin. 
Inoceramuabellvuensifl  Reeedde,  n.  ep. 
Pteria  salinensis  White. 
Ostrea  larimerensis  Reeside,  n.  sp. 
Ostrea  noctuensis  Reeside,  n.  sp. 
Anchura  kiowana  Cragin? 
Ammonite,  undetermined. 
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To  this  list  may  be  added  the  scales  and  bones 
of  undetermined  fish  and  also  teeth  collected 
near.Lqveland,  Colo.,  by  Prof.  Henderson  and 
identified  by  J.  W.  Gidley  as  probably  plesio- 
saurian.'  Inoceramus  comancheanus,  Pteria 
salinensisj  and  Anchura  JciowarKi  occur  in  rocks 
of  Washita  age  in  Kansas  and  other  States,  and 
their  occurrence  in  the  beds  here  considered 
therefore  supports  a  correlation  of  the  ^'middle 
Dakota*'  with  the  Washita  group,  although 
such  a  correlation,  based  on  a  single  species 
each  of  Inoceramus  and  Pteria  and  a  somewhat 
doubtfully  identified  species  of  Anchara,  has  a 
rather  frail  foundation.  The  other  species  are 
not  very  close  to  any  described  forms  from  the 
Washita  group  or  the  Benton  shale  and  have 
little  value  in  correlation.  The  absence  of  such 
widespread  and  abundant  species  as  Ostrea 
qiiadriplicata  Shumard,  Gryphaea  corrugata 
Say,  T^rigonia  emoryi  Conrad,  Pholadomya 
sanctisahae  Roemer,  Cardium  Tcansasense  Meek, 
Protocardiu  midtilineata  Shumard,  TurriteUa 
8eriatim-(rranulata  Roemer,  and  Pachydiscus 
brazoensis  (Shumard),  which  occur  in  many 
collections  from  the  Purgatoire  formation  and 
its  equivalents,'  is  surprising.  There  is  no  fea- 
ture of  the  sediments  that  indicates  conditions 
of  deposition  in  northern  Colorado  very  differ- 
ent from  those  in  southern  Colorado— in  fact, 
on  the  contrary,  the  sediments  of  the  two  areas 
are  so  much  alike  that  tentative  correlations 
between  them  have  been  based  on  the  simi- 
larity. It  is  difficult  to  explain  why  conditions 
that  would  permit  the  existence  of  Inoceramus 
comancheanuSj  Pteria  saline ns is j  and  an  An- 
chura very  like  A.  kiowana  would  completely 
shut  out  any  trace  of  their  usual  associates, 
which  are  present  in  southern  Colorado,  scarcely 
200  miles  away.  Whether  these  three  species 
were  hardier  and  could  endure  conditions  that 
completely  precluded  the  existence  of  the  other 
species  can  not  be  determined.  The  Washita 
fauna,  as  shown  by  Stanton,^  suffers  a  progres- 
sive change  northwestward  from  the  Tucumcari 
region  of  New  Mexico  and  the  Cimarron  River 
region  of  Oklahoma  by  the  disappearance  of 

«  Henderson,  Junius,  The  Cretaceous  formations  of  uorthcasteni  Col- 
orado and  the  foothills  formations  of  north-central  Colorado:  Colorado 
Geol.  Survey  Bull.  19,  p.  85, 1920. 

•  Stanton,  T.  W.,  The  Morrison  formation  and  Its  relations  with  the 
Comanche  series  and  the  Dakota  formation:  Jour.  Geology,  vol.  13, 
pp.  <w7-6G9,  1905. 

<  Stanton,  T.  W.,  idem. 


one  species  after  another  from  the  f aimal  assem- 
blage. In  the  Purgatoire  River  region  of  Colo- 
rado the  fauna  lacks  a  number  of  Washita 
species  that  are  prominent  at  the  localities 
farther  southeast.  In  the  Apishapa  River 
region  still  more  species  have  dropped  out  of  the 
fauna,  and  at  Canon  City  only  two  or  three  are 
known.  Such  a  change  as  this  may  well  ac- 
count for  the  paucity  of  recognized  Washita 
species  in  northern  central  Colorado  and  south- 
eastern Wyoming,  though  the  causes  of  the 
change  are  entirely  conjectural.  It  has  been 
suggested  by  Stanton*  that  the  difference  be- 
tween the  fauna  of  the  Purgatoire  formation 
and  that  of  the  so-called  Dakota  formation  of 
northeastern  Colorado  is  due  to  a  difference  in 
age,  the  sea  in  which  the  Purgatoire  formation 
was  deposited  not  having  reached  northern  Col- 
orado until  Dakota  time,  when  many  of  the 
characteristic  Washita  species  had  ceased  to 
exist.  The  relationship  of  the  beds  of  Washita 
age  in  Kansas  to  the  overlying  Dakota  for- 
mation is  so  intimate  as  to  preclude  any  great 
difference  in  age,  and  the  difference  in  inter- 
pretation of  the  fauna  is  therefore  not  very 
great.  However,  it  seems  to  the  writer  that  it 
is  better  to  regard  the  fossils  of  the  so-caUed 
Dakota  formation  as  of  the  same  age  as  those 
of  the  Purgatoire  formation  and  attribute  the 
differences  between  them  to  some  now  unknown 
difference  in  the  conditions  under  which  the 
sediments  were  deposited.  The  fauna  from 
northern  Colorado,  in  spite  of  its  paucity,  is 
more  like  that  of  the  Washita  group  than  that 
of  the  succeeding  Benton  shale  or  that  of  any 
known  Dakota  beds,  and  a  correlation  based 
on  the  fauna  must  be  a  correlation  with  the 
Washita  rather  than  with  the  Benton.  The 
fauna  is  apparently  an  extension  of  the  known 
range  of  the  late  Comanclie  fauna  as  far  north 
as  southern  Wvomin^::. 

The  single  ammonite,  Pachydiscus?  sp.,  from 
the  uppennost  sandstone  of  the  ^'Dakota  for- 
mation," is  sufficient  only  to  show  that  this 
sandstone  is  in  at  least  one  locality  of  marine 
origin.  The  specimen  might  belong  to  the 
Washita  fauna  or  to  a  later  one.  The  marine 
origin  of  the  sandstone  at  two  other  locaUties 
is  indicated  by  the  presence  of  Halymenites. 
These  localities   are   at   the  mouth  of  Little 

^  Stanton,  T.  W.,  Some  problems  connected  with  the  Dakota  «nd- 
stonj:  Ool.  Soc.  America  Bull.,  vol.  33,  pp.  265-272,  1982. 
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Thompson  Canyon    and    10   miles   north    of 
Boulder,  Boulder  County,  Colo." 


DISTRIBUTION  OF  SPEaES. 

The  following  table  and  list  show  the  geo- 
graphic distribution  of  the  species  described  in 

this  paper: 

Dittributum  ofB-ptdetfrom  (he  to-calhd  Dakota  formatum  ofnorlhim  i-mlral  Colorado  and  louthem  Wyoming  by  toailitia. 


■  Hantoscn,  Junius,  The  Cretaceous  /ormntioQa  of  Dorthcaslffrn  Cn'.o- 
ulo  tad  the  foothlUs  formaiLona  ot  nutb-tvatral  CalorBda:  Colorsila 
leal.  Hun-ej'  BuU.  Ifl,  p.  K,  IKM. 


a  Numberj  refer  lo  the  Io-bHIIpj  k'i'-fn  l:i  1 1  ■  l.i:lo-.Ttn''  list. 

1.  U.  S.  G.  S.  locality  3689.  Sixmile  Canj-oo.  4  miles 
aarib  of  Boulder,  Boulder  County,  Oolo.;  sandy  shale 
between  the  "Dakota"  Bandstonee;  T.  W,  Stanton, 
collector,  1906: 

InoceramuB  comancheanus  Cragin. 

Fteria  satineosiB  ftliite. 

Ostrea  Bp.  ud determined. 
8.  U.  8.  G.  8.  locality  3690.    Lykina  Gulch,  9  miles 
north  ot  Boulder,  Boulder  County,  Colo.;  sandy  shale 
between    the    "Dakota"   sandBtoneB;   T.    W.  Stanton, 
collector,   1906: 

Fteria  Balinenais  White. 

Oatrea  sp.  undetermined. 

Fiah  remains. 

3.  U.  S.  G.  S.  locality  3085.  South  end  of  Rabbit 
Mountain,  7  miles  northweetof  Longmont,  Boulder  County, 
Colo.;  shalea  between  the  "Dakota"  aandatonee;  T.  W. 
Stanton,  collector,  1906: 

Inoceiamus  ep.  undetermined. 
Fteria  salinensia  White. 
Ostrea  ep.  undetermined. 

4.  U.  8.  G.  S.  locality  3686.  Lykina  ranch,  at  mouth 
of  canyon  of  Little  Thompson  t?reek.  Boulder  County, 
Colo.;  sandy  shale  between  the  "Dakota"  aandatonee; 
T.  W.  Stanton,  collector,  1906: 

Inoceramua  comancheanus  Cragin. 
InoceramuB  belhniensis  Reeeide. 
Fteria  salinensia  White. 
Ostrea  noctiiensiB  Reeaide. 

5.  U.  S.  G.  S.  locality  10031.  Handy  ditch,  canyon 
weet  of  Loveland,  Larimer  County,  Colo.;  sandy  shale 
beneath  the  "upper  Dakota"  sandstone;  \V.  T.  Lee. 
collector,  1921 : 

Inoceramua  comancheanus  Cn^n. 

Fish  remains. 
«.  U.   S.  G,   8.  locality  10657.     Handy  ditch,  canyon 
west  of  Loveland,  Larimer  t'ouuty,  I'olo. ;  middle  of  shale 
between  the  "Dakota"  aandstonos:  W.  T.  Lee.  collector. 
1921. 

InoceramuB  ep.  undetermined. 

Fteria  salinensis  \\'hite. 

Ostrea  larimercnsis  Recside. 

Ostrea  noctuonaia  Reeaide 

Fish 


7.  U.  S.  G.  S.  locality  3688,  Eight  milee  northwest 
of  Loveland  and  2  miles  north  of  the  junction  of  Big 
Thompson  and  Buckhorn  creeks,  Larimer  County,  Colo.; 
sandy  shale  between  the  "Dakota"  sandatonee;  T.  W. 
Stanton,  collector,  1906: 

Ostrea  noctuensia  Reeeide.  , 

Fiflh  remains. 

8.  U.  S.  G.  S.  locality  10659.  Soldier  Canyon,  weet 
of  Fort  Collins,  Larimer  County,  Colo. ;  middle  of  flhale  of 
"middle  Dakota";  W.  T,  Lee,  collector,  1921: 

Inoceramus  comancheanua  Cragin. 

Pteria  salineneis  White. 

Ostrea  larimerensia  Reeeide. 

Oatrea  noctuensia  Reeaide. 

Anchura  kiowana  Cragin? 

Fish  remains. 
».  U.  S.  G.  S.  locality  3687.  Ditch  bank  on  north  side 
of  Cache  la  Poudre  River.  9  milea  northweat  of  Fort  Collins 
and  2  miles  above  Laporte,  Larimer  County,  Colo.;  shale 
between  the  "  Dakota' '  hogbacks ;  T.  W.  Stanton,  collector, 
1906. 

Inoceramus  comancheanua  Cragin. 

Inoceramua  bellviiensis  Reeaide. 

Ostrea  lariniercnaia  Recside, 

Ostrea  noctuenaia  Reeside. 

Fiah  remains. 

10.  U.  S.  G.  S.  locaUty  10660.  Ditch  on  "DakoU" 
ridge  in  aec.  12,  T.  8  N,,  R.  70  W,,  north  of  Bellvue,  Lar- 
imer County,  Colo.;  upper  part  of  "middle  Dakota"; 
\V.  T.  Lee,  collector,  1921: 

Inoceramus  comancheanus  ('rag^n. 
Inoceramus  bellvuenais  Reeside. 
Pteria  salinensia  White. 
Oatrea  larimercnsls  Reeaide. 
Oatrea  noctuenais  Reeaide. 
Anchura  kiowana  Cragin? 
Fiflh  remains. 

11.  U.  S.  G.  S.  locality  5401.  Owl  Canyon,  12  nuUe 
north  of  Fort  Collina,  Larimer  County,  Colo.;  "middle 
Dakota";  Junitia  Henderson,  collector,  1907- 

Inoceramua  comancheanus  Cn^n. 
Inoceramus  bellvuensis  Reeaide. 
Fteria  salinenaia  White. 
Ostrea  larimerensia  Reeside. 
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Ostrea  noctuensis  Reeside. 

Anchura  kiowana  Cragin? 
12.  U.  S.  G.  S.  locality  10375.    Two  miles  southeast  of 
Greenacre  ranch,  20  miles  north  of  Fort  Collins,  Larimer 
County,  Colo.;  dark  shale  beneath  the  "upper  Dakota*' 
hogback;  T.  W.  Stanton,  collector,  1920: 

Inoceramus  comancheanus  Cragin. 

Pteria  salinensis  \\Tiite. 
18.  U.  S.  G.  S.  locality  10375a.    Same  locality  as  10375; 
upper  sandstone  of  the  "Dakota* '  hopback,  alx)ve  the  dark 
shales;  T.  W.  Stanton,  collector,  1920: 

Pachydiscus?  sp. 

14.  U.  S.  G.  S.  locality  10662.  Schoolhouse  near  Box 
Elder  Creek,  southeast  of  Greenacre  ran(*h,  Larimer 
County,  Colo.:  upper  part  of  "middle  Dakota":  W.  T. 
Lee,  collector,  1921 : 

Inoceramus  comancheanus  Cragin. 
Ostrea  larimerensis  Roeside. 
Fish  l)one. 

15.  U.  S.  G.  S.  locality  5863.  Horse  Creek,  30  miles 
northwest  of  Cheyenne,  Laramie  County,  Wyo.:  shale 
beneath  the  upper  ledge  of  the  "Dakota";  T.  W.  Stanton, 
collector,  1909: 

Inoceramus  comancheanus  Cragin. 
Pteria  salinensis  WTiite. 
Gastropod,  undetermined. 
Fish  remains. 

16.  U.  S.  G.  S.  locality  10670.  Gap  of  Chugwater  Creek 
at  Iron  Mountain,  Laramie  County,  Wyo.:  "middle 
Dakota"  shale;  W.  T.  Lee,  collector,  1921: 

Inoceramus  comancheanus  Cragin. 
Pteria  salinensis  Wliite. 
Ostrea  larimerensis  Reeside. 
Ammonite,  undetermined. 
Fish  remains. 

DESCRIPTIONS  OF  SPEaES. 

Oenus  INOCE&AMUS  Sowerby. 

Inoceramus  comancheanus  Cragin. 

Plate  XLV,  figures  1-7 

1895.  Inoceramus    comancheana    Cragin,    Colorado    Coll. 

Studies,  5th  year,  pp.  53-55. 
1901.  Inoceramus  comanclieaniis  Cr^n.    Ilill,  U.  S.  Geol. 

Survey  Twenty-first  Ann.  Kept.,  pt.  7,  pi.  35, 

fig.  4." 
1920.  Inoceramus     comancheanus     Cragin.     Adkins     and 

Winton,  Texas  Univ.  Bull.  1945,  p.   73,  pi.  17, 

fig.  1-3. 

Cragin's  original  description  is  as  follows: 

Shell  equivalve,  broadly  and  obliquely  rhombic-ovate, 
more  gibbous  than  that  of  /.  lahiatus  Schlotheim,  the  axis 
of  greatest  dimension  diverging  from  the  hinge  line  much 
more  ^videly  than  in  the  latter  species;  alar  outline 
rounded;  anterior  margin  descending  steeply  in  a  nearly 
straight  line  for  a  considerable  distance  on  front  of  the 
beaks,  then  curving  rather  suddenly  away  toward  the 
somewhat  prominently  convex  distal  part  of  the  basal 
outline,  anterior  and  posterior  margins  making  nearly  a 
right  angle  ^ith  each  other;  beaks  placed  opposite  the 
anterior  extremity  of  the  hinge,  moderately  inflated  and 
moderately   elevated  above  the  hinge  line,   anteriorly 


flattened  but  not  abruptly  so;  hinge  plate  rath^  short, 
broad,  the  ligamental  grooves  crowded,  more  numerous 
and  longer  than  in  /.  lahiatus,  though  ample  and  shallow; 
valves  thin,  ornamented  with  numerous  concentric 
riblike  folds,  which  on  the  distal  and  ventral  parts  are 
quite  strongly  elevated  and  much  narrower  than  the 
intervals  between  them. 

Height  82,  length  95,  breadth  54,  axis  of  greatest  dimen- 
sion 107  milimeters.  In  some  examples  the  species 
attains  considerably  larger  dimensions. 

The  writer  has  in  hand  a  number  of  fairly 
good  specimens  of  an  Inoceramn^^  indistinguish- 
able from  specimens  of  /.  comancheanus.  This 
species  is  characterized  by  its  elongate  form, 
the  axis  of  elongation  making  an  angle  of  50® 
to  70°  with  the  hinge  line;  moderately  coarse, 
rounded,  concentric  ribs  without  finer  sculpture 
between;  ribs  somewhat  irregular;  umbo 
rather  slender;  anterior  margin  straight  or 
slighth'  concave,  making  an  angle  of  70**  to  100® 
with  the  hinge  line.  It  differs  from  the  later 
/.  lahiatus,  as  pointed  out  by  Cragin,  in  the 
greater  angle  between  the  axis  of  elongation 
and  the  hinge  line.  It  is  also  less  elongated, 
has  stronger  sculpture  and  less  smoothly  ovate 
concentric  ribs,  and  lacks  the  fine  striae  between 
the  concentric  ribs.  It  somewhat  resembles 
an  undescribed  species  associated  with  /. 
lahiatus  and  related  to  /.  lamarclci  var.  cuvieri 
Sowerby,  though  it  differs  in  having  a  more 
elongate  form  and  much  finer  sculpture. 
Inoceramus  anglicus  Woods,  of  the  Gault;  /. 
crippsi  Mantell,  of  the  Cenomanian;  and  /. 
pictvs  Sowerby,  of  the  Cenomanian,  are  re- 
lated species.  /.  an{/licus  has  more  regular 
concentric  ribs  and  a  broader  curvature  and 
is  a  wider  shell.  /.  crippsi  has  a  greater  angle 
between  the  anterior  margin  and  the  hinge 
line  (140°),  a  thicker  umbo,  and  fine  striae 
between  the  concentric  ribs.  /.  pictus  differs 
chiefly  in  possessing  finer  sculpture.  These 
comparisons  are  based  largely  on  figures  by 
Woods  '  and  might  not  hold  in  an  actual 
comparison  of  specimens,  but  so  far  as  the 
wTiter  is  able  to  determine,  /.  comanchsanus  is 
closer  to  /.  crippsi  and  /.  pictus  than  to  the 
other  species  mentioned. 

Occurrence:  Many  localities  in  Texas, 
Kansas,  Oklahoma,  and  southern  Colorado. 
In  northern  Colorado :  Sixmile  Canyon,  Lykins 
ranch,  canyon  west  of  Loveland,  Soldier 
Canyon,    Cache    la    Poudre    River,    north  of 

"  Wools,  Henry,  A  monograph  of  the  Cretaceous  liamelllbranrU* of 
Knjiland.  vol.  2,  pt.  7,  pp.  2W,  TTi,  279,  text  flgs.  29,  33-38:  pi.  «,  «!«• 
H-10:  pi.  4S,  np.  2,  3:  pi.  49,  ngs.  5,  «,  191l. 
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Bellvue,  Owl  Canyon,  2  miles  southeast  of 
Oreenacre  ranch,  Boxelder  Creek.  In  Wyo- 
ming: Horse  Creek  and  Iron  Mountain.* 

Inoceramus  bellvuensis  Reeside,  n.  sp. 

Plate  XLVI,  figures  1-3. 

Shell  apparently  cquivalve,  very  inequilat- 
eral. Outline  of  valve  subquadrate;  anterior 
part  moderately  convex;  posterior  part  flat- 
tened, forming  an  ill-defined  wing  dorsally. 
Anterior  margin  nearly  straight;  ventral  mar- 
gin broadly  convex;  posterior  margin  nearly 
straight.  Anterior  margin  makes  an  angle  of 
120®  with  the  hinge  line.  Small  part  of  hinge 
line  preserved  shows  Ugament  pits  small  and 
shallow.  Umbones  nearly  terminal.  Orna- 
mentation of  somewhat  irregular  narrow  con- 
centric ribs  with  unsvmmetrical  curvature; 
interspaces  wider  than  ribs,  concave. 

This  species  is  marked  by  its  broad  sub- 
quadrate  valves,  small  convexity,  and  sculp- 
ture. It  is  perhaps  closer  to  Inoceramus 
crippsi  Mantell  than  to  any  other  species  but 
shows  no  trace  of  the  fine  striae  between  the 
ribs  that  are  present  on  that  species. 

The  specific  name  is  derived  from  Bellvue, 
Colo.,  near  which  the  type  was  collected. 

Occurrence:  Lykins  ranch.  Cache  la  Poudre 
River,  north  of  Bellvue,  and  Owl  Canyon, 
Colo. 

Qenns  PTEBIA  Scopoli. 
Pteria  salinensis  White. 

Plate  XLVII,  figures  1-5. 

1880.  Pteria  (Oxytoma)  salinenais  Wliite,  U.S.  Nat.  Mus. 
Proc.,  vol.  2,  pt.  2,  pp.  296,  297,  pi.  5,  figs.  1,  2. 

18S3.  Pteria  (Oxytoma)  salinensis  White,  U.S.  Geol.  and 
Ceog.  Survey  Terr.  Twelfth  Ann.  Rept.,  pt.  1, 
pp.  15, 16,  pi.  16,  figs.  2a,  b. 
flS93.  Pteria  salinensis  ^Tiite.     Cragin,  Texas  Geol.  Sur- 
vey Fourth  Ann.  Rept.,  p.  211. 

White's  original  description  is  as  follows: 

Shell  rather  large  for  a  Cretaceous  Pteria;  the  ))ody, 
exclusive  of  the  wings,  obliquely  sulx)vate,  broad  at  the 
base,  moderately  gibbous,  distinctly  but  not  very  greatly 
inequivalve;  the  left  valve,  as  usual,  more  convex  than 
the  right  and  ita  beak  more  prominent;  the  convexity  of 
the  valves  somewhat  uniform  but  increasing  toward  the 
umbonal  region  in  each,  where  it  is  greatest ;  anterior  wing 
moderately  large,  defined  from  the  lx)dy  of  the  shell  by 
being  laterally  compressed  but  not  by  any  distinct  auric- 
ular furrow,  the  byssal  sinus  under  the  anterior  wing  of 
the  right  valve  having  the  usual  size  and  shape  common 


•  Tho  full  dc5S  Tiplion  of  all  these  localities  is  given  on  pajies 


to  Oxytoma;  posterior  wing  not  proportionately  large  and 
not  distinctly  defined  from  .the  body  of  the  shell  except 
by  a  somewhat  gradual  lateral  compression;  its  pos- 
terior angle  not  greatly  produced ;  hinge  line  lees  than  the 
axial  length  of  the  shell;  posterior  adductor  scars  not 
distinct;  anterior  adductor  scars  distinct  and  deep  for  a 
shell  of  this  genus,  placed  immediately  in  front  of  the 
beaks,  that  of  the  left  valve  being  more  distinct  than  the 
other.    *    *    * 

It  is  known  to  have  reached  an  axial  length  of  more  than 
60  millimeters,  a  transverse  width  near  its  base  of  at  least 
50  millimeters,  and  a  thickness  of  about  25  millimeters 
when  l)oth  valves  were  in  natural  position. 

The  character  of  the  surface  is  not  known,  but  it  was 
evidently  nearly  smooth,  as  is  usual  with  Oxytoma. 

The  writer  has  in  hand  a  number  of  speci- 
mens that  include  both  valves  of  a  smooth- 
shelled  Pteria.  Such  simple  shells  are  some- 
what unsatisfactory  material  for  comparisons, 
as  very  similar  species  occur  at  a  number  of 
very  distinct  horizons,  from  the  Paleozoic  on. 
However,  in  comparison  with  species  from  the 
Washita,  Colorado,  and  Montana  groups  the 
specimens  in  hand  are  so  close  to  P.  salinensis  that 
it  is  difficult  to  pick  out  an  essential  difference. 
P.  gastrodes  (Meek)  of  the  Benton  is  a  large, 
stout,  nearly  equivalve  shell  with  the  outline 
of  the  valves  well  roimded,  the  anterior  ear 
short  proportionately,  and  the  axis  of  the  shell 
only  moderately  oblique.  P.  lingnaeformis 
(Evans  and  Shumard)  is  a  proportionately 
small,  inequivalve  shell,  with  valves  rather 
elongated  and  oblique,  and  the  anterior  ear 
small.  P.  salinensis  has  a  less  elongated  form 
than  P.  linguaeformis  and  is  much  larger,  but  it 
is  not  nearly  so  stout  and  rounded  as  P,  gas- 
trodes. It  has  also  a  relatively  long  and  nar- 
row anterior  ear  and  is  nearly  equivalve. 

Occurrence:  Washita  group  of  Texas  and 
rocks  of  same  age  in  Kansas  and  southern 
Colorado.  In  northern  Colorado :  Sixmile  Can- 
yon, Lykins  Gulch,  Lykins  ranch,  south  end 
of  Rabbit  Mountain,  canyon  west  of  Loveland, 
Soldier  Canyon,  north  of  Bellvue,  Owl  Canyon, 
and  2  miles  southeast  of  Greenacre  ranch.  In 
Wyoming :  Horse  Creek  and  Iron  Mountain. 

Genus  OSTBEA  Linnaeus. 
Ostrea  larimerensis  Reeside,  n.  sp. 

Plate  XLVII,  figures  6-12. 

Shell  very  thin,  flattened,  acutely  triangular 
in  outline;  small,  an  average  specimen  attain- 
ing a  length  of  60  millimeters.  Beak  narrowly 
tapered;    base    of    valve    smoothly    roimded. 
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Margins  of  the  valves  smooth.  Surface  irregu- 
larly and  finely  wrinkled,  especially  near  the 
beak.  Internal  cast  reflects  the  larger  wrinkles, 
but  otherwise  smooth.  Hinge  not  seen;  prob- 
ably small  and  weakly  developed. 

The  's^Titer  has  hesitated  to  apply  names  to 
tliis  and  the  following  species  of  Ofitrea,  Both 
belong  to  a  type  of  simple  oyster  that  appears 
in  many  faunas  from  Jurassic  to  Recent  time, 
and  although  differences  may  be  pointed  out 
the  variability  of  the  shells  is  so  great  that  no 
differences  seem  to  hold  good,  and  separation 
into  species  is  more  or  less  arbitrary.  However, 
there  appear  to  be  no  described  forms  in  the 
equivalent  or  adjacent  faunas  of  the  region  tluit 
may  be  compared  with  these,  and  as  a  matter 
of  convenience  names  are  here  applied. 

Tlie  specific  name  of  0.  Jarimerensis  is  derived 
from  Larimer  Countv,  Colo. 

Occurrence:  Can  von  west  of  Loveland,  Sol- 
dier  Cany<m,  Cache  la  Poudre  River,  north  of 
Bellvue,  Owl  Canyon,  and  Box  Elder  Creek, 
Colo.;  Iron  Mountain,  Wyo. 

Ostrea  noctaensis  Reeside,  n.  sp. 

Plate  XLVIII,  figures  1-6. 

Shell  very  thin,  gently  arched,  subquadrate, 
of  medium  size,  an  average  individual  attaining 
a  length  of  80  or  90  millimeters.  Beak  bluntly 
rounded,  basal  part  of  shell  broadly  rounded, 
ilargins  of  valves  smooth.  Surface  of  most  of 
tlie  specimens  marked  by  fine,  rather  regular 
concentric  lines  and  a  few  broad,  obscure  folds. 
Surface  of  other  specimens  irregularly  wrinkled, 
much  as  in  0.  larimerensu.  Internal  cast 
smooth  except  for  the  reflection  of  the  broad 
folds.     Hinge  small  and  weak. 

This  species  may  possibly  be  ':iily  a  variant 
of  0,  larimfrensisy  as  it  is  of  the  same  general 
type,  but  its  broad  outline  is  distinct,  and  so  is 
its  sculpture  in  most  of  the  specimens. 

The  specific  name  is  derived  from  the  locality 
of  the  type.  Owl  Canyon  (noctuvs  =  owl). 

Occurrence:  Lvkins  ranch,  canvon  west  of 
Loveland,  northwest  of  Loveland,  wSoldier 
Canyon,  Cache  la  Poudre  River,  north  of  Bell- 
vue, and  Owl  Canyon,  Colo. 


Oenus  ANCHTJSA  Conrad. 

Anchura  kiowana  Cra^n? 

Plate  XLVIII,  figures  6-8. 

1895.  Anchura  kiowana  Cragin,  Colorado  Coll.  Studies,  5th 
year,  pp.  6(1,  07 . 

Cragin's  original  description  is  as  follows: 

Shell  flmall,  consisting  of  six  convex  whorls;  spire  ele- 
vated ;  suture  impressed;  wing  of  moderate  size,  consisting 
of  a  proximal  flangelike  part,  continued  posteriorly  across 
half  or  more  of  the  first  spire  whorl,  and  a  carinated  falci- 
form process;  carina  gradually  arising  at  the  base  of  the 
falciform  process  and  traversing  the  latter  to  the  extremity; 
fahiform  process  much  shorter  and  lops  upturned  distally 
than  that  of  the  somewliat  similar  .«pecies  A.  ruida  "White, 
not  rising  to  the  lowest  level  of  the  suture  between  the 
])ody  whorl  and  the  first  spire  whorl  but  having  its  point 
directed  outward  and  somewhat  upward  so  as  to  make  a 
large  angle  with  the  axis  of  the  spire,  extero-inferior  out- 
line of  wing  rounded  and  the  border  between  this  and 
the  canal  sinuous,  margin  of  upper  (flange)  part  of  wing 
describing  a  slightly  concave  to  sigmoid  outline  and  more 
or  less  thickened  and  reflexed;  inner  lip  provided  with  a 
moderately  broad  and  prominent  callous;  canal  short  and 
obliquely  truncated;  spire  whorls  and  posterior  half  to 
two- thirds  of  body  whorl  ornamented  with  narrow  curved, 
sub  vertical  ril)s  or  folds,  of  which  there  are  about  24  on  the 
first  spire  whorl,  and  with  numerous  revolving  striae,  the 
latter  ornamentation  gradually  becoming  prominent  and 
superseding  the  ribs  on  the  lowest  third  to  half  of  the  body 
whorl. 

Height  19,  breadth  of  body  whorl,  including  excursion 
of  tlie  %ving,  15  millimeters;  angle  of  spire  slopes  about  as 
in  yl.  r?/jrfd  White.  *  ♦  *  This  species  is  distinguished 
from  Anchura  ruida  White  by  the  vertically  costate  body 
whorl,  by  tlie  shorter,  differently  directed  falciform 
process,  and  by  ha\  ing  the  alar  carina  confined  directly  to 
the  wing  and  nearly  to  the  falciform  process  instead  of 
Vein*,'  common  to  the  wing  and  part  of  the  body  whorl. 

The  writer  has  six  specimens  of  a  small 
species  of  Anchura^  all  poorly  preserved  but 
showing  enough  of  the  details  to  indicate  a 
close  relationship  to  A,  Tciowana^  as  defined  by 
Cragin  s  description  and  by  good  specimens. 
One  specimen  preserves  a  mold  of  the  exterior 
of  the  T^nng,  and  although  fine  details  are  lack- 
ing it  is  clear  that  the  wing  has  the  form  of  that 
of  ji.  kiowana  and  that  the  carina  is  confined 
practically  to  the  wing.  The  presence  of 
vertical  ribs  is  also  indicated  on  the  body  whorl 
of  this  specimen.  Another  specimen  preserving 
a  mold  of  the  spire  and  perhaps  part  of  the 
body  whorl  sliows  a  strong  sculpture  like  that 
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on  ^4.  Iciowana,  Hie  material  available  is 
inadequate  for  certain  identification,  but  the 
differences  from  A.  rfdda  White  and  other 
species  of  equivalent  and  adjacent  formations 
and  the  resemblances  to  A,  Iciowana  make  a 
tentative  assignment  to  that  species  justifiable 
Occurrence :  Kiowa  shale  of  Kansas.  Soldier 
Canyon,  north  of  Bell\aie,  and  Owl  Canyon, 
Colo. 

Genus  PACHTDISCTJS  Zittel. 
Pachydiscus?  sp. 

Plate  XLIX,  figure  1. 

A  single  specimen  of  an  anmionite,  much 
weathered  and  preserving  few  details  but  sug- 
gesting strongly  the  genus  Pdchydiscus,  is  con- 
tained in  the  collections.  It  might  well  be  a 
weathered  specimen  of  P.  brazoensis  (Shumard), 
but  it  might  equally  well  belong  to  some  later 
species,  and  even  a  certain  generic  assignment 
must  await  better  material. 

The  stratigraphic  position  of  this  specimen  is 
a  little  higher  than  that  of  the  remainder  of  the 
fossils  described  in  this  paper.  It  came  from 
the  upper  sandstone  of  the  ''Dakota"  hogback, 
above  the  dark  shales,  and  not  from  the  shales 
themselves,  as  did  the  other  fossils. 

Occurrence:  Two  nules  southeast  of  Green- 
acre  ranch,  Colo. 

Ammonite,  genus  and  species  undetermined. 

Plate  XLIX,  figure  2. 

A  single  small  specimen  of  an  ammonite  pre- 
serving few  distinctive  features  is  contained  in 

91048°— 23 14 


the  collections.  The  shell  is  clearly  that  of  a 
much  compressed  species  with  very  small  um- 
bihcus  and  truncated  but  unchanneled  venter. 
The  earlier  part  of  the  shell  preserved  shows 
coarse,  apparently  rounded  ribs,  but  the  later 
part  is  practically  smooth.  The  greatest  diam- 
eter of  the  shell  is  30  millimeters,  and  the  width 
of  the  tnmcated  venter  a  little  more  than  1 
millimeter.  The  shell  might  be  a  species  of 
EngonoceraSy  KnemiceraSj  Metoicocerds,  or  some 
other  genus. 

Occurrence:  Iron  Mountain,  Wyo. 

Fish  scales  and  bones,  undetermined. 

Plate  L,  figures  1-11. 

Fish  scales  and  bones  occur  at  several  of  the 
locahties  from  which  fossils  are  described  in 
this  paper.  Some  of  them  resemble  Leuch- 
ichthyops  vagans  Cockerell,*  and  others  re- 
semble Ichthyodectes  sp.  Cockerell.^^  A  few 
specimens  are  figured  for  the  sake  of  more  com- 
pletely illustrating  the  known  faima. 

Occurrence:  Lykins  Gulch,  canyon  west  of 
Loveland,  northwest  of  Loveland,  Soldier 
Canyon,  Cache  la  Poudre  River,  north  of  Bell- 
vue,  and  Box  Elder  Creek,  Colo.;  Horse  Creek 
and  Iron  Mountain,  Wyo. 

*  Cockerell,  T.  D.  A.,  Some  American  Cretaceous  fish  scales:  U.  S. 
Oeol.  Sun'cy  Prof.  Paper  120,  p.  180,  pi.  35,  figs.  1-16, 1919. 
10  Idem,  p.  179,  pi.  34,  figs,  3,  4. 
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u.  catalog  No.  32SI3); 


t    131      PLATE   X 


FR0FE88I0HAL  PAPER  131      PLATE   XLVIl 
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7       X! 


i.  Nat.  Uus.  talalog  No.  3^Ky.  4,S,  right 


l-3>  Plrrh  tilltwvii  WliiM,  norlb  orBollTua,  Colo.    1-0,  LaR  rilvei  of  three  spednieiis 

TBiTM  o(  I  wo  siKWimiiis  ( U.  S.  Nat.  Uus.  catiUi«  No.  S2S18). 
lt-10.  Oitret  larlmcrtafi'  Kpeside,  n.  ip.,  Soldlar  Canyon,  Colo.    6.  Small  complcle  valve,  selected  v 

No.  3^17):  7,n,  apical  put  of  two  T*)m,  ihowlni!  tba  acutptura  IV.  B.  Nat.  Una.  catalog  No.  3S 

putly  silolIat«d  (U.  S.  Nat.  Una.  ntalog  No.  saUB). 
11, I&  Otira  hrlmtremii  Ssaiilda,  n.  ap.,  north  of  Bsllras,  Colo.    11.  Internal  cut  oT an uniinially  convex  apedmen  (I 

cUdoK  No.  22im:  12,  s  neulycomplet*  Tslve  retaining  ttaa  aball  (U.  8.  Nat.  Uus.  cMaloe  No.  smiit. 


PBOFBB8IONAL   PAPER   131      FLATS    XLVID 


4      14 


1.2.  Dslrn 

BortufiMij  ]{pp-;Ip!p.  11.  s]).,  Owl  Canyon,  Colo.     1, 

Tyi->sp»lnif»(U.K.Ni 

il.  Miis.ralalot:  No.  32520);  S, . 

cali«rt 

ofonolhMsiwiinieiKU.  S.  Nat.  Miis.  cataloc  N 

3,4.  0.trn 

.1,  Spertmen  retainlnE 

mosi 

oftheBl«U(U.s.Nat.l 

dial  OK  .S*i 

1.  azvai;  4,  spedmeii  rplsliilni:  M1I7  tbe  apical  pi 

irt  of  (hf  shell  (U.S.  Nal 

;,  Mu 

a.  ratalc*  No.  32522). 

A.  Ottmiu. 

■c(un»liR«s[de.ii.!ip..6«l(ll(r  Canyon,  Coin.    1 

s.  catalog  No.  32523.) 

a,7. -4«»u 

ratiwuiwCreFlnP,  Soldier  Canyon,  Colo.    Two 

specimens  (X  2).    IC.  B. 

Nat. 

Mus.  catalog  No.  32S24.) 

8.  ^Brtura 

kioictm,  Cngin;  typical  example  Irom  Kanau  t 

orcomparfaon. 

in 
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FOSSILS  OF  THE  Sa<]\LLED  DAKOTA  SANDSTONE  OF  NORTHERN  CENTRAL  COLORADO  AND 
SOUTHEASTERN  WYOMING. 

Ui  or  Bollvua,  Colo.  (U.  3.  Mat.  Hus.  catnlog  So.  10771). 
I,  Iron  UounUln,  Wyo.  (U.  B.  Nat.  Uiu.  otfalc*  No.  10771). 
K,  Vljo.  (U.  B.  Nat.  Una.  caMOf  No.  10778). 
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AlaieslongtrostrisKnowlton,  n.sp 187 

•        rlgidaKnowlton,n.sp 186-187 

Acer  indlvisum  Lesquereux 109 

lesquereuxii  Knowlton 169 

Adiaenites  dchoriddes  Knowlton,  n.  sp 173 

Acknowledgments  for  aid 1, 83, 85 

Acrostichum  hesperium  Newberry 149 

sp 6 

AUanthus  longe-petlolata  Lesquereux 166 

Alexander,  C.  P.,  dted 148 

Alkali  stage  station,  Wyo.,  Oroen  River  fossils  from 138 

Alnites  inaequilateralis 161 

AlnuslnaequUateralls 161 

Alnus?  larseni  Knowlton,  n.  sp 188 

.  Ammyonite,  undet^mined 205 

Ampelopsis  tertiaria  Lesquereux 170 

Amygdalus  gracilis  Lesquereux 164 

Anacardiaceae 167-168 

Anchura  kiowana  Cragin7 204-205 

Andromeda  delicatula  Lesquereux 172 

Angiospermae s-20, 152-176 

Antholithes  improbus  Lesquereux 174 

Apocynophyllum  constrictum  Berry 20 

mississippiensis  Berry 20 

scudderi  Lesquereux 171 

Aralia  macrophylla  Newberry 172 

wyomingensis  Knowlton  and  Cockerell 172 

Arber,  — ,  cited 151 

Arecacecte 8,152-154 

Aricaceae 172 

Artocarpoides  balli  Barry,  n.  sp 8 

Anmdo  reperta  Lesquereux 152 

Ascoimycetes 14&-14Q 

B. 

Ball,  O.  M.,  acknowledgment  to 1 

Baker,  C.  L.,  acknowledgment  to 85 

Bass  trail,  Ariz.,  Cambrian  formations  exx>osed  at 35-49 

CarbonlfotMis  formations  present  near .^ 64-71 

columnar  section  of  Paleozoic  strata  at 26 

detailed  section  of  Paleozoic  strata  at 27-36 

gen^alsection  of  Paleozoic  strata  at 2&-27 

Berry,  Edward  Wilber,  acknowledgment  to 85 

Additions  to  the  flora  of  the  Wilcox  group 1-21 

dted 143,148 

Bless^  ranch,  Mexico,  section  of  Midway  formation  near 88-89 

Bordas  scarp,  features  of 85 

Boydsville,  Ark.,  Wilcox  fossils  from  locality  near 2 

Brasenia?  antiqua  Newberry 163 

'Breaks  of  the  Rio  Grande,  features  of 85 

Bridger  Pass,  W^yo.,  G rcen  River  fossils  from 138-139 

Bright  Angel  shale,  analysis  of  limestone  from 40 

fossils  in,  near  the  Bass  trail,  Ariz 42 

nature  of 26,34-35.39-41 

thickness  of 41-42 

typical  exposure  of,  opposite  mouth  of  Garnet  Canyon,  Ariz., 

plate  showing 40 

Brown,  J.  S.,  acknowledgment  to .* 83 

Bryophyta 4-5 

C. 

<::aenomyces  eucah^ptae  Knowlton,  n.  sp 148 

sapindicola  Knowlton,  n.  sp 148 

Caesalpiniaceae 14 

Calatoloidos  eocenicum  Berry,  n.  sp 14-15 

■Callocardia astartoides  Gardner,  n.  sp 113,  PI.  XXXII 

X^ampanulales 173 
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Caprifoliaceae 173 

Cardita  altlcostata  Conrad 112 

Carditidae 1 12-1 13 

Carduus  florissantensis  Cockerell 190 

Carpites  inquircnda  Knowlton,  n.  sp 175 

newberr>'ana  Knowlton,  n.  sp 174-176 

vibumi  Lesquereux 174 

Carpolithus  carj'ophylloides  Knowlton ,  n.  sp 174 

Carrizo  Springs,  Tex.,  Wilcox  fossils  from 4 

Cassia  emarginata  Berr>' 14 

Ceanothus  cinnamomoidos  Lesquereux 170 

Cedar  Mountain,  Ariz.,  beds  overlying  the  Kaibeb  limestooe  in  .  71-73 

view  of ,  from  D^ert  View  Camp,  Ariz.,  plate  showing ft5 

Celastraceae 160 

Cephalopoda 115 

Cerithium?  sp.  A 114-115,  PI.  XXIX 

Chambers,  Alfred  A.,  analyses  by 40,43,45,82,53,55,60 

Changes  of  names  in  Green  River  flora 141-142 

Cinnamomiun  mississippiensis  Lesquereux 9 

CissiLS  parrottiaefolia  Lesquereux 170 

Citellus  bensoni  Gidley ,  n.  sp 122 

cochisei  Gidley,  n.  sp 121-122 

ClailK>me  group  of  Georgia,  flora  common  to  Green  River  forma- 
tion and 143 

Clayhatchee,  Ala. ,  Wilcox  fossils  from 

Cobbles ,  roUor-shaped,  in  two  stages  of  formation,  plate  showing..       72 

Cockerell,  T.  D.  A.,  cited 147-148 

Coconino  sandstone,  fossils  in ,  on  the  Hermit  trail,  Ariz 68 

nature  of ,  in  the  Grand  Canyon,  Ariz 26,28, 66-<(7 

thickness  of ". 67-68 

Colorado  localities.  Green  River  fossils  from 130 

Combretaoeae - 10-20 

Compositae 173 

Comptonla?  anomala  Knowlton,  n.  sp 158 

Concillas  Creek,  Tex. ,  Wilcox  fossils  from 4 

Conif  erophytae 6-8 

Cope,  E.D.,  cited 137 

Cope  Butte,  near  Ilermit  Creek,  Ariz.,  analysis  of  limestone  from.       53 

section  of  strata  in 53 

Comus  studeri  Lesquereux 16 

Cragin,F.W.,  cited 202,204 

Crassulaceae? 163-164 

Cratogeomys  bensoni  Gidley,  n.  sp 123 

CucuUaea  Lamarck Ill 

(macrodonta  subsp.?)  texana  Gardner,  n.  subsp.  111-112,  PL  XXIX 

saffordi  Harris Ill 

Cupressinox ylon  Goeppert 6 

wilcoxense  Berry,  n.  sp 6-8 

Cjrperacites  haydenii  ( Lesquereux)  Knowlton 152 

Cyperites  haydeiiii  Lesquereux 152 

Cyperus  chavaiiuesi  Heer 152 

"chavanensis"?  Heer 152 

D. 

' '  Dakota  formation ' '  of  northern  Colorado,  fauna  of . : 201-202 

Dalbergia  eooeuica  Berry 14 

puryearensis  Berry,  new  name 14 

retusa  Knowlton,  n".  sp 165 

vlridiflumensis  Knowlton,  n.  sp 164-165 

Dauaea  coloradensis  Knowlton,  n.  sp 150-151 

Davis,  C .  A.,  study  of  Green  River  oil  shale  by 135-136 

Deusscn,  Alexander,  acknowledgment  to 85 

Dicotyledones 8-20,156-176 

Dipodomys  minor  Gidley,  n.  sp 123 

Dombeyopsis  occidentalis  Lesquereux 9 

Drupaceac 164 

Dryopteris  cladophleboides  Knowlton 5-6 

Dumble,  E.  T.,  acknowledgment  to 85 
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EUgmodontia 124 

arizonaeGidley,  n.sp 124-125 

Elm  Creek,  Uvalde  Coanty,  Tex.,  Wilcox  specimen  from 4 

Emmons,  8.  F.,  dted , 133-134 

Endlmatooeras  vaughani  Qardner,  n.  sp 115,  PI.  XXXIII 

Equiaetaoeae 151-152 

Equisetum  wjromingenae  Lesquereux 151-152 

Ericaceae 172 

Eucalyptus?  americanus  Lesquereux 171-172 

Euonymus  flexirollus  Lesquereux 160 

F. 

Fagaoeae 161 

Ficus,  reexamination  of  species  of 10-11 

Fious  cUntoni  Lesquereux 9 

cockerelll  Knowlton 9 

latifoUa  Knowlton 9 

misiiiwippiensis  ( Lesquereux)  Berry 9, 11-12 

neoplanicostata  Knowlton 10 

oocidentalis( Lesquereux)  Lesquereux 9 

planioostata  Lesquereux 9 

dintoni  Knowlton 9 

goldiana  Lesquereux 9 

latifolia  Lesquereux 9 

maxima  Berry 9 

paeudopopulus  Lesquereux 9 

riohardsoni  Knowlton 10 

tenuinervis  Lesquereux 162 

ungeri  Lesquereux 162 

wyomingiana  Lesquereux 162 

FUicales 14im50 

Flabellarla  florissanti  Lesquereux 154 

Florissant,  Colo.,  lake  beds,  features  of 183 

Fort  Hale,  Conn.,  beach  at,  plate  showing 77 

cliff  of  Jointed  trap  at,  plate  showing 77 

conditions  of  abrasion  near 76 

sizes  and  sources  of  beach  gravel  near 76 

Fort  Union  formation,  flora  common  to  Oreen  River  formation  and  144 
Fossil  tricks  on  Coconino  sandstone.  Bright  Angel  quadrangle, 

Ariz.,  plate  showing 65 

Fungi 148-149 

G. 

Gardner,  Julia,  New  species  of  Mollusca  from  the  Eocene  deposits 

of  southwestern  Texas 109-117 

Gastropoda 1 14-1 1 5 

Gentianales 20 

Geomys  minor  Gidley,  n.  sp 123 

parvidens  Gidley,  n.  sp 122-123 

GeoQomites  haydenil  (Newberry)  Knowlton,  n.  comb 152-153 

Geraniales 166 

Gidley,  James  W.,  fossils  determined  by 52 

Preliminary  report  on  fossil  vertebrates  of  the  San  Pedro 

Valley,  Ariz 119-131 

GIrty,  G.  H.,  fossils  determined  by 56, 57, 70-71 

Graminales 152 

Grand  Canyon,  Ariz.,  Cambrian  formations  in 36-49 

Carboniferous  formations  in 54-71 

Devonian  formation  in 51-53 

pOMible  miconformity  botwccn  the  Devonian  and  Carbonifer- 
ous systems  In 53-54 

teetUma  previously  mcasure<l  in 23, 24 

uneooformity  between  the  rambrian  and  Devonian  s>'stems  in .  49-51 

Grand  Junction,  Tenn.,  Wilcox  fossils  from 2 

Gravel,  in  pocket  beach  south  of  Nantoskot,  Ma.Hs..  platcshowinp..       76 

of  promontory  south  of  NantOvSkct,  Mass.,  plate  showing 76 

Grem  III ver  formation,  biologic  interpretation  of 144-148 

climate  during  dopositi(»n  of 144-147 

«riy  descriptions  of 133-135 

ecloKic  Interpretation  of 144-14« 

flora  of,  accepted  names  of 112 

Affeof 142-141 

fismn  in H'» 

highland  gen*»ra  of 147 

lowland  genera  of 147 

fjftlnjs  in ^  ^ '' 

Tflatifia  of,  to  other  floras 142 

nfurUiH  exrlude*!  from 139- 14 1 

nytUMiyma  and  changes  of  names  in 141-142 


PagB. 
Green  River  formation,  insect  f^una  of,  cttmate  required  by 147-14( 

organic  remains  in 135-136 

Green  River  lake,  fishes  of 137 

probable  features  of 136-187 

Green  River  station,  fossils  from 138^139 

fossils  from  locality  west  of US 

Gulf  Coastal  Plain  of  Texas,  geologic  map  of KM 

H. 

Hall,  James,  cited ITS 

Hayden,F.V.,citod 138,135^ 

Hedera  marginata  Lesquereux 189 

Hclictoxylon  wilcoxianum  Berry,  n.  sp IS 

Henderson,  Junius,  cited US 

Hepaticae 4^ 

Hermit  shale,  definition  of 61 

fossilsln,  near  Red  Top,  Ariz 65-65 

nature  and  thickness  of 26, 2S-30, 64-65 

t}i)ical  exposure  of,  in  Tapeats  Amphitheater,  Ariz.,  plate 

showing 64 

unconformities  between  the  Supai  formation  and,  Brif^t  Angd 

quadrangle,  Ariz 63-61 

plates  showing 51,64 

I. 

Icadnaceae 14-15 

Ilexmaculata  Lesquereux 169 

vyomlnglana  Lesquereux 161^ 

Dex?  afUnis  Lesquereux UB 

Inoceramus  belh'uensis  Keeside,  n.  sp 2QS 

comancheana  Cragln 303 

comancheanus  Cragin 202-J 


Jacksonville,  Ark.,  Wilcox  fossils  near T 

Juglans  alkallna  Lesquereux 100 

cross!  i  Knowlton 160 

denticulata  Heer IflO- 

occidentalia  Newberrj* 158- 150, 174 

schimperi  Lesquereux 158, 150-160 

winchesteri  Knowlton,  n.  sp 160-161 

Juncus  sp.  Lesquereux 155 

K. 

Kaibab  limestone,  analyses  of  limestone  from 61^ 

beds  overlying,  at  C«dar  Mountain,  Ariz 71-75 

fossils  in,  at  Bass  Canyon,  Ariz 70-71 

nature  of 36,27-28,68-70 

sulHiivisions  of 70 

thickness  of 70 

King,  Clarence,  cited 137 

Kirk,  Kdwin,  cited. 4g 

Knowlton,  F.  II.,  Fossil  plants  from  the  Tertiary  lake  beds  of 

south-central  Colorado 183-107 

Revision  of  the  flora  of  the  Green  River  formation 133-18B 

L. 

Laboulbiliales 1« 

Lagomorpha  cf .  Lepus  sp 128 

sp.  Nos.  1,2,  and  3 127 

Lake  beds  of  south-central  Colorado,  fossil  plants  from 184-187 

nature  and  stratigraphic  places  of 183-184 

La  Pr>'or  crossing  on  Nueces  River,  Tex.,  Wilcox  fossils  from 

locality  near 301 

Larson ,  E .  S . ,  cited 183-184 

I/auraceae 165 

Laurinoxylon  branneri  Knowlton 19 

wilcoxianum  Berry ,  n.  sp 19 

Launis  venis  Berrj* ,  n.  sp 1^19 

Lieguminosites  altcmans  Lesquereux 156 

I^ptosporangiatae 5-6 

L.esquereux,  Leo,  cited 137, 

138,  i:>2,  l.)l.  LV),  160. 162, 164, 165, 166,168,169,174 

Liliales 155 

Lomatia  hakeaefolia  Lesquereux 190 

Loinatites  hakeaefolia  (  Lesquereux)  Cockerell 190 

Lomatia?  niicrophylla  Lesquereux 162 

Lull,  R.  S.,  fossils  determined  by 68 

Lygodium  dcntoni  Lesquereux 150 

kaulf ussi  i  Ileer 149-150 

neuropteroides  Lesquereux 140 
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"ifagnoHa  angastlfoUa  Newberry. 

attenuaU  Weber 

lanceoUU  Lesquereux 

leBleyana  Lesquereux 

leei  Knowlton 

VagnoHaoeae. 
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12 

12 

12 

19 

12 

12 

llalvaleB 15-18 

Manicaria  haydenii  Newberry 152 

Mansfield,  La.,  Wiloox  fossils  from 2-3 

llaiattlaceae 150-151 

liardiantltes  stephensoni  Berry,  n.  sp 4-5 

ICarchantlales 4-5 

Martesiar  laredofinsls  Gardner,  n.  sp 114,  PI.  XXXII 

IfatsoQ,  O.  C,  acknowledgm^t  to 85 

Meoispermaoeae 12-14 

Hcnlspermites  cebathoides  Berry,  n.  sp 12-14 

Ifimoaltee  coloradeasis  Knowlton,  n.  sp 166 

TariabilJs  Berry 14 

Ifiss^ssippian  series,  members  of,  present  near  the  Bass  trail,  Ariz.  54-57 
probaUe  unconformity  between  P«msylvanian  series  and, 

near  Bright  Angel  trail,  Ariz 57-^9 

Monocarpelli  tes  perkinsi  Berry,  n.  sp 16-17 

Mooocotyledooes 8, 152-155 

Moraceae 8-12,162 

ICua  .*  llmestooe,  analyses  of  limestones  from 43, 45 

fossilsln,  near  Bass  Canyon,  Ariz 48-49  : 

nature  of 26, 33-34, 43-45  ; 

subdivisions  of 43-45  ' 

thickness  and  correlation  of 45-48  • 

typical  exposure  of,  opposite  mouth  of  Garnet  Canyon,  Ariz.,  ' 

plate  showing 40 

unconformities  bet^eoi  Temple  Butte  limestone  and,  in 

Shinunlo  quadrangle,  Ariz.,  plates  showing 50,51  , 

Huridae 121 

Mnsophyllum  complicatum  Lesquereux 155 

Myrfca  ludwlgli  Schimper 157 

minuta  Knowlton,  n.  sp 157 

nigricans  Lesquereux 168 

praedrymeja  Knowlton,  n.  sp 157 

salicina  Unger 156 

sp 157,158  } 

Myrtaceae? 171-172  | 

Myrtales 19-20  : 

N. 

Nantasket  Beach,  Mass.,  south  end  of,  conditions  of  abrasion  on. .  75-76  ; 

south  end  of,  gravel  and  cobbles  on,  platra  showing 76  , 

sizes  and  sources  of  pebbles  on 75 

Needmore,  Tex.,  Wiloox  fossils  from  locality  near 3 

N^preet,  La,,  Wilcox  fossils  from 2 

Neoflbersp 127  ' 

Neotoma  fossills  Gidlc>',  n.  sp 126-127 

Newberry,  J.  S.,  cited 135, 139, 149, 150, 153, 168, 172, 174-176 

Noble,  L.  F.,  A  section  of  the  Paleozoic  formations  of  the  Grand 

Canyon  at  the  Bass  trail 23-73 

Nordenskidldia  borealis  I  leer 176 

Kuculasp 109,  PI.  XXIX 

Nymphaeaceae 163 

O. 

OakviUe,  Tex.,  Wilcox  fossils  from  locality  nmtheast  of 3 

Odostemoo  hakeaefolia  ( Lesquereux)  Knowlton,  n.  comb 190 

marginata?  (Lesquereux)  Knowlton,  n.  comb 189-190 

tOdostemcm  florissantensis  Cockerell i      190 

Oil  shales  of  the  Green  River  formation,  extent  of 135 

source  of  oil  in 144 

Onjrchomys  bensoni  Gidlcy,  n.  sp 125  ! 

pedroensis  Gidley,  n.  sp 125  I 

Oreodaphne  viridiflumensis  Knowlton,  n.  sp 163 

Osbwn,  H.  F.,  cited 137  i 

Osmunda?  sepulta  (Newberry)  Knowlton,  n.  comb 150 

Ostreaalabamiensis  subsp.  georgiana  Conrad 110-111, 

Pis.  XXIX,  XXX 

contracta  Conrad 110 

larimerensis  Recside,  n.  sp 203-204 

noctuensis  Reeside,  n.  sp 204 

tasex  Gardner,  n.  sp 109-110,  Pi.  XXXI 

titan  Connwi 110 

TOstrea  multilirata  Conrad 109  j 
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Pachydiscus?  sp 206 

Palmocarpon  butlerensis  Berry,  n.  sp 8 

Papilionaceae 14,104-166 

Parallelodontidae 111-112 

Paris,  Tenn.,  Wilcox  fossils  from ." 2 

ParthenocLssus  tertiaria  ( Lesquereux)  Knowlton,  n.  comb 170-171 

Pebbles,  beach,  conditions  that  determine  shapes  of 75, 8^83 

beach,  laboratory  determinations  on 76 

methods  of  measuring 75 

purpose  of  the  St udy  of 75 

roundness  and  flatness  rat ios  of,  methods  of  computing. . .       70 

results  of  computations  of 70-82 

Pecopteris  (Cheilanthes)  sepulta  Newberry 150 

(Phegopteris)  sepulta  Newberry 150 

Pelecypoda 109-114 

Pennsylvanian  series,  formations  of,  present  near  the  Bass  trail, 

Ariz 60-08 

probable  unconformity  between  the  Misslssippian  series  and, 

in  the  Grand  Canyon,  Ariz 67-60 

Permian  series,  formation  of,  in  the  Grand  Canyon,  Ariz 04-71 

Peromyscus 124 

brachygnathus  Gidley,  n.  sp 124 

minimus  Gidley,  n.  sp 124 

sp 124 

Pholadidae 114 

Phyllites  coloradensis  Knowlton,  n.  sp 170 

fremontl  Unger 170 

potentilloides  Knowlton,  n.  sp 191-192 

sp 191 

Winchester!  Knowlton,  n.sp 175-176 

Pimelea spatula  Knowlton,  n.sp 103 

Pinales 0-8 

Plnus  coloradensis  Knowlton,  n.  sp I8O 

crossii  Knowlton,  n.  sp 185-180 
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W.  H.  Holmes  contributed  information  on  the 
San  Juan  district/  in  a  report  on  field  work 
that  was  in  part  contemporaneous  with  that 
done  bv  Gilbert  farther  north  and  west.  The 
classic  reports  of  Gilbert  and  Hohnes  served 
all  practical  needs  for  a  knowledge  of  this 
sparsely  settled  region  until  oil  was  discovered 
at  Goodridge  in  1908.  H.  E.  Gregory  ^  and 
E.  G.  WoodruflF  ^  made  reports  on  the  geology 
of  the  oil  field,  and  Gregory  later,  in  his  reports 
on  the  Navajo  country/  described  the  geology 
of  the  region  on  the  south  side  of  the  San  Juan. 
The  most  recent  papers  of  direct  interest  in 
the  present  connection  are  those  by  W.  B. 
Emery/  C.  L.  Dake/  Dorsey  Hager/^  C.  T. 
Lupton,"  and  11.  C.  Moore. ^^  Numerous  papers 
on  adjacent  areas,  herein  referred  to,  have  been 
of  great  assistance  in  making  correlations. 

TOPOGRAPHY. 

The  area  considered  in  this  report  is  part  of 
a  large  arid  region  that  is  sparsely  settled  and 
difficult  of  access.  It  is  a  typical  portion  of 
the  Colorado  Plateau,  characterized  bv  can- 
yons,  cliffs,  mesas,  and  buttes.  The  general 
plateau  surface,  averaging  between  5,000  and 
6,000  feet  in  altitude,  appears  fairly  regular 
and  continuous  in  a  panoramic  view;  but  Cok)- 
rado  River  and  its  tributaries  have  cut  hun- 
dreds of  feet  below  the  general  level,  and  Navajo 
Mountain  and  the  Henry  Mountains  project 
conspicuously  above  it,  attaining  maximum 
altitudes  of  about  11,000  feet.  The  Henry 
Mountains  are  classic  as  the  type  locality  of 
the  igneous  intrusive  masses  kno\vni  as  lacco- 
liths. Northwest  of  these  mountains  are  the 
so-called  High  Plateaus,  lofty  forest-clad  table- 
lands with  gently  irregular  surface  topography 
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teau:  Jour.  (Jeology,  vol.  27,  pp.  1^-74,  HWO:  Ilorl/.on  of  ihe  marine 
Jurassic  of  Utah:  Jour.  Geology,  vol.  27,  i)p.  r.:u-*ur,,  1919. 

w  Hager,  Dorsey,  oil  possibilitios  of  tin*  llolbrook  area  in  northeast 
Arizona,  1921.    A  private  publication. 

»  Lupton,  C.  T.,  Geology  and  coal  resources  of  Castle  \alley,  Utah: 
U.  S.  (Jool.  Survey  Hull.  fi2S,  I9lf.. 

"Moore,  K.  C,  Gn  the  straii^rraphy  of  northeastern  Arizona:  Am. 
Assoc.  Petroleum  ^leologists  Hull.,  vol.  fi.  No.  1,  pp.  47-49,  1922.  Dis- 
cusses paper  by  Uager  cited  above. 


and  precipitous  borders,  which  have  an  averagd 
altitude  of  more  than  9,000  feet. 

Alternating  sedimentary  formations  of  vary- 
ing resistance  exert  a  strong  topographic  con- 
trol. Heavy  sandstone  and  limestone  units 
form  vertical  cliffs  or  level  mesa  tops;  shales 
produce  slopes  or  local  areas  of  badlands. 
Stream  courses  cut  into  sandstone  or  limestone 
are  confined  in  narrow,  steep-walled  canyons; 
but  at  horizons  of  thick  shales  the  valleys  are 
wide,  with  vertical  outer  walls  made  by  the 
overlying  sandstones.  Tv'pical  cross  sections 
of  the  larger  streams  show  prominent  struc- 
tural terraces  or  benches,  which  mark  abrupt 
changes  in  the  character  of  the  rocks. 

SEDIMENTARY  ROCKS. 
GENERAL  FEATURES. 

The  nakedness  of  the  surface  rocks  and  their 
deep  dissection  give  an  excellent  opportunity 
for  detailed  study,  and  when  the  entire  region 
has  been  systematically  surveyed  there  should 
be  few  important  problems  of  correlation  left 
unsolved.  But  in  spite  of  the  apparent  sim- 
plicity of  the  geology  it  is  not  safe  to  attempt 
correlation  of  widely  separated  sections  without 
knowledge  of  the  intervening  areas,  however 
thorough  the  study  of  the  sections  may  have 
been.  Errors  have  already  resulted  from  such 
attempts,  and  a  certain  degree  of  confusion 
now  exists  as  to  the  exact  stratigraphic  succes- 
sion and  the  proper  terminology.  Many  of  the 
fonnations  are  of  continental  origin,  and  some 
have  vielded  no  deterininable  fossils.  Certain 
of  these  formations  have  lithologic  characteris- 
tics that  arc  remarkably  persistent  over  wide 
areas;  but  in  many  sections  two  or  more  formar 
tions  are  strikingly  similar  in  general  appear- 
ance, and  members  that  are  of  only  local  dis- 
tribution mav  be  confused  with  formations  that 
are  considered  the  most  trustworthy  as  guides 
to  coHTlation.  In  correlating  these  deceptive 
formations,  therefore,  it  is  desirable  to  measure 
sections  as  close  together  as  possible,  and  con- 
tinuous tracing  in  the  field  is  the  most  satisfac- 
tory method.  The  rocks  are  essentially  hori- 
zc^ntal  or  dip  gently,  except  for  local  strong 
flexures,  and  the  present  writers  found  it  pos- 
sible to  follow  certain  guide  horizons  essentially 
without  inte'rruption. 

The  rocks  range  in  age  from  Pennsylvanian 
to  Tertiary,  but  the  Tertiary  formations  were 
not  studied  in  detail.  Triassic  and  Jurassic 
rocks  are  the  most  widely  distributed  forma- 
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tions  on  the  surface,  and  they  are  largely  of 
continental  origin.  Bright  colors  prevail,  mak- 
ing the  region  a  '*  painted  desert  ^^  of  great  scenic 
interest.  In  Utah  the  older  formations  are 
revealed  in  a  few  broad  anticlines,  notably  in 
Cataract  Canyon  and  in  the  San  Juan  oil  field ; 
and  in  the  adjoining  part  of  Arizona  they  appear 
in  Marble  Canyon. 

Besides  the  laccoliths  of  igneous  rocks  in  the 
Henry  Mountains  there  are  a  few  igneous  dikes 
and  volcanic  necks  at  other  places  in  the  part 
of  the  Colorado  Plateau  under  discussion.  In 
the  High  Plateaus,  west  of  the  Henry  Moun- 
tainsy  there  are  large  areas  of  extrusive  igneous 
rocks.  None  of  these  igneous  rocks  are  here 
described. 

The  section  exposed  in  the  walls  of  the  Grand 
Canyon,  which  adjoins  Marble  C^inyon,  is  prob- 
ably better  known  than  any  other  in  the  Colo- 
rado Plateau,  and  it  is  taken  as  a  standard  in 
correlating  Paleozoic  formations  in  the  region. 
This  section  hjis  been  studied  in  great  detail  by 
L.  F.  Noble,  and  he  has  recently  proposed  some 
changes  in  the  stratigraphic  subdivision  and  the 
terminology  to  be  used."    (See  Fig.  1  and  PI.  I.) 

u  Noble,  L.  F.,  in  Schuchert,  Charles,  On  the  Carboniferous  of  the 
Grand  C^nycm  of  Arizona:  Am.  Jour.  Sci.,  4th  ser.,  vol.  45,  pp.  847-362, 
1018.  Noble,  L.  F.,  Paleozoic  formations  of  the  Tirand  Canyon  at  the 
BaastraU:  U.  B.  Geol.  Survey  Prof.  Paper  131,  pp.  23-73, 1922. 


His  usage  is  indicated  below,  in  comparison  with 
the  older  usage,  with  a  vie^v.to  making  clearer 
the  discussion  of  Paleozoic  formations  here 
presented. 


Older  usage. 

Kaibab  limestone 

<  'cK'onino  sandstone 

.     ^  (Upper... 

Supai     forma-    I 

tion 

Lower  . . 

Upper  . . 


Redwall  lime- 
Btone 


Lower . . 


Un(.x)nformity. 
Pre-(  'arlx)nif erous    forma- 
tions. 


Noble's  usage. 
.  Kaibah  limestone  1 
.  Coconino  sandstone  [(Permian ) . 
-Hermit  shale  J 

Unconformity. 

1  Supai    formation   (Pemwylva- 
/    nian  and  Permian?). 

Unconformity  (?). 
.Redwall   limestone  (Miiwimip- 
pian). 

Unconformity. 

Pre-(  'arlx)nif erous  formations. 


In  thus  redefining  the  Supai  and  Redwall  for- 
mations Noble  has  definitely  referred  the  Her- 
mit shale  to  the  Permian  on  the  basis  of  plant 
remains  fii*st  discovered  by  Schuchert  and 
identified  by  David  White.  No  fossils  have 
been  found  in  the  thick  red  sandstone  at  the 
top  of  the  Supai  formation  as  redefined,  and 
this  member  may  therefore  belong  either  in  the 
Permian  or  in  the  Pennsylvanian. 

The  rock  formations  studied  in  southeastern 
Utah  and  the  adjoining  part  of  Arizona  are  in- 
dicated in  the  following  table: 


Rock  fonnatuma  in  southeastern  Utah  and  the  ad  joining  part  of  Arizona. 


Age. 


Tertiary   (Eo- 
.cene). 


Formation. 


Character. 


Wasatr^h  (?;  formation. 


Masuk  sandstone. 


Calcareous  sandstone,  shale,  and 
limestone;  pink,  white,  and  vari- 
colored, evenly  stratified,  soft; 
composes  highest  plateaus;  crops 
out  in  cliffs  and  forms  slopes. 


•Un(X)nformity- 


ThiekDess 

Ueet). 


2,000 


Remarks. 


Yellowish-gray  ma^^sive  sandstone 
with  some  sandy  shale;  grades 
without  break  into  formation  be- 
low; a  prominent  cliff-forming 
dixision. 


300-500 


Upper 
Cretaceous. 


''Masuk  shale." 


Blue  Gate  sandstone. 


(rray  to  drab  sandy  shale  containini; 
some  thin  beds  of  vellow  sand- 
stone. 


Yellow  to  brown  irregularly  boddtni 
medium  to  massive  sandstone; 
contains  lignite  beds  up  to  4  feet  in 
thickness;  forms  prominent  es- 
carpments. 


500-1,0004-; 


230-1,000 
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Rock  formatioiiJt  in  southeastern  Utah  and  the  adjoining  part  of  Arizona — Continued. 


AgB. 

Formatioii. 

Character. 

Thickness                      i>*«,.,w 
(feet).                        Ramarki. 

"Blue  Gate  shale." 

Bluish-drab    argillaceous    to   sandy 
shale;  very  uniform  in  color  and 
texture ;  forms  slopes  and  bad  lands ; 
thickness,  1,100-1,200  feet. 

2, 115-2, 250 

Upper 

TuDunk  sandstone. 

\ellowish  medium  to  massive  irreg- 
ularlv  bedded  sandstone;  contains 
ligmte;  forms     escarpments     and 
hogbacks;  thickness,  60-100  feet. 

Cretaceous. 

"Tununk  shale." 

Bluish-drab  sandy  shale  grading  to 
fossiliferous    sandstone    at    base; 
shale  contains  abundant  Gryvhaea 
newberryi  and  other  fossils;  tnick- 
neflfl,  900-1,000  feet. 

1  Yellow  to  nearly  white  sandstone; 
Dakota  (?)  sandstone.            conglomeratic  in  part;  irregularly 

bedded;  contains  ignite  locall v. 

0-100 

I 

Cretaceoua  (?) 
(Lower  Cre- 
taceous ?). 

McElmo  formatioa 

Maroon  to  light  bluish-gray  sandy 
banded  shale;  conglomerate;  and 
coarse  gritty  maroon,  vellow,  and 
gray  irregularly  bedded  sandstone; 
forms  escarpments. 

125-505 

Varicolored   sandstones 

and  shales. 

* 

—  KJ  Ili  vlllltirilll  tjr 

Very    massive    soft    light    creamy- 
white,  tan,  and  orange-brown  cross- 
bedded  sandstone;  grades  into  very 
sandy  shale;  weathers  readily  in 
rounded  slopes  and  forms  abundant 
dune  sand. 

170-1,430 

Navajo  sandstone  of 
Emery.  Included 
by  Lupton  in  Mc- 
Elmo tormatioD. 

Jurassic. 

Gypsiferous  shales  and 
sandstones. 

Pink  to  red  and  bluish  sandy  shale, 
gypsum  in  beds  up  to  5  feet  thick, 
and     massive     wnite    sandstone; 
forms      !)adland8;     50-300      feet. 

Shale,     sandstone,     and     siliceous 
dark- maroon  and  light  bluish-green 
limestone;  forms   distinct    escarp- 
ment; 30-55  feet. 

45-450 

TodUto(?)fonnati(m 
of  Emery.  Hon- 
zon  of  marine  Ju- 
rassic Included 
in  McElmo  fonnft- 
tion  by  Lupton. 

• 

Navajo  sandstone. 

liight  creamy-yellow,  white,  pinkish, 
and    buff,    highly    croH«-l)eddcd, 
very  massive  caloareous  sandstone ; 
weathers  in  high  cliffs  and  innu- 
meral)le  cones,  towers,  and  domes ; 
forms  caves,  alcoves,  and  natural 
bridges. 

500-1,800 

Gregory's  usage.  In- 
cluded in  Winate 
sandstone  by  Em- 
ery. 

Todilto  r?)  formation. 

1 

Maroon  roarsc-grained  (Toss-bedded 
sandstone ;  conglomerate ;  blue-gray 
hard  dense  limentone;  maroon  and 
brown  shale.     All  in  thin  irregular 
beds. 

125-249 

Gregory  8  usage.  In- 
cluded in  Wui»te 
sandstone  by  Em- 
ery. 

■ 
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Afe. 

Fonnatloo. 

Character. 

Thleknflm 
(feet). 

Remarks. 

IBflBiC. 

Wingate  sandstone. 

Reddish-brown  very  massive  sand- 
stone; prominently    jointed;  out- 
cropping commonly  in  a  single  ver- 
tical cliff  resembling  a  palisade. 
Cross-bedded  but  not  so  promi- 
nently as  Navajo  sandstone. 

250-500 

Gr^ry's  usage.  In- 
cliided  in  Wingate 
sandstone  by  Em- 
ery. 

)perTriasBic. 

Chinle  formation. 

U  llUUlliUrilJJ.bjr 

Thick  variegated  calcareous  shales  or 
''marls/'  fine-grained  sandstones, 
cherty  limestones,  and  conglom- 
eratic limestone.    Sandstone  most 
abundant  near  top  of  formation. 

300-1, 000 

)per  (?)  Tri- 
lonc. 

Shinarump   conglomer- 
ate. 

Light-gray  to  yellow  coarse-grained 
to  conglomeratic  sandstone,  very 
irregularly  bedded  and  variable  in 
thickness;  grades  locally  into  blu- 
ish sandy  shale;  contains  silicified 
wood;  forms  prominent  bench  in 
topography. 

0-220 

wer  TriasBic. 

Moenkopi  formation. 

Chocolate-brown  to  yellowish  shale 
and  sandstone^  containing  locally ' 
in  upper  portion  very  thin  hard 
limestones .    The  shale  very  sandy 
and  grading  into  shaly  sandstones; 
the  sandstone  ranging  from  thin- 
bedded   platy   to   thick   massive 
beds.     Ripple-marked.    Contains 
DeChelly  (?)  sandstone  lentil  in 
middle  portion;  thickness,  0-200 
feet. 

304-fl20 

Directly  overlies 
Coconino  sand- 
stone where  Kai- 
bab limestone  is 
absent. 

Kaibab  limestone. 

White  to  yellowish  massive  more  or 
less  dolomitic  limestone;  in  part 
cherty;  lower    part    increasingly 
sandy  and  grading  into  subjacent 
sandstone  without  sharp  change. 
Fossil  if erous  in  part. 

0-250 

Not  continuouB. 

nman. 

Coconino  sandstone. 

White  to  tan  massive  calcareous  sac- 
charoidal  hard  to  friable  sandstone. 
In  Circle  Cliffs  not  differentiated 
from  Supai  (?)  formation. 

300-1,000 

, 

Supai  (?)  formation. 

Red  to  light-yellow  shale  and  sand- 
stone. 

380 

Possibly  Hermit 
shale. 

DDsylvanian. 

Goodridge  formation. 

L  iiLuiiiuruiitj       —   " 

Bluish  fine-grained  dense,  medium  to 
massively  bedded  limestone;  red 
and  grayish-white  sandstone,   in 
part  petroliferous;  red  and  dark- 
gray  sandy  shales.    Limestone  pre- 
dominates in  lower  part  of  section, 
sandstone  and  shale  in  upper  part. 

1,582 
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CABBONIFEBOITS  SYSTEM. 

Ooodridge  formation. — The  Goodridge  forma- 
tion, which  has  been  described  by  Woodruff,^* 
is  best  exposed  at  the  type  locality  on  the 
Honaker  trail  in  San  Juan  Canyon  near  Good- 
ridge, where  the  canyon  has  been  carved  into 
it  to  a  depth  of  1,338  feet  without  revealing 
the  base.  It  is  of  marine  origin  and  consists 
of  sandstone,  sandy  shale,  and  cherty  lime- 
stone, with  gray  limestone  predominating  in 
the  lower  500  feet  and  sandstone  and  shale  in 
the  upper  portion.  (See  Pis.  Ill,  A ,  and  IV,  C.) 
Red  is  the  most  common  color  of  the  beds  in 
the  upper  700  feet.  The  base  of  the  formation 
is  nowhere  exposed,  and  therefore  its  relation 
to  older  rocks  is  not  known.  A  less  complete 
section  of  the  formation — about  1,000  feet — is 
exposed  in  another  anticline  east  of  Goodridge. 
About  1,500  feet  of  it  is  exposed  in  Cataract 
Canyon  on  the  Colorado.  (vSee  Pis.  II,  III,  B 
and  C)  A  deep  well  drilled  in  the  Circle  Cliffs 
by  the  Ohio  Oil  Co.  penetrated  in  its  lower  part 
1,582  feet  of  white  sandstone  and  limestone 
that  may  represent  the  Goodridge  formation.  • 

Fossils  are  abundant  and  are  distributed 
throughout  the  type  section  from  a  horizon  near 
the  base  to  the  top.  G.  H.  Girty,  who  has 
studied  the  faunas,  makes  the  following  state- 
ment: 

The  (Joodridge  formation,  as  described  by  Woodruff,** 
comprises  two  widely  different  faunas.  The  lower  fauna, 
which  contains  almost  no  true  Mollusca,  changes  abruptly, 
at  bed  No.  55  of  his  published  section,  to  one  that  contains 
almost  nothing  else.  The  base  of  the  bed  as  measured  by 
Miser  is  314  to  324  feet  below  the  top  of  the  formation. 
The  character  of  the  change  suggests  that  it  may  not  be 
as  significant  as  the  degree  of  the  change  might  indicate. 

The  two  sections  that  naturally  in\4te  comparison  with 
the  Goodridge  are  the  San  Juan  section,  Colorado,  to  the 
east,  and  the  Grand  Canyon  section,  to  the  west.  [See 
PI.  I.]  As  I  suggested  in  1912,  the  general  faunal  resem- 
blances would  tend  to  correlate  the  upper  part  of  the 
Goodridge  with  the  Rico  formation  in  the  San  Juan  region 
and  with  the  upper  part  of  the  Redwall  limestone  [old 
usage  of  RedwallJ  in  the  Grand  Canyon  region.  On  the 
same  grounds  the  lower  part  of  the  Goodridge  would  be 
correlated  with  the  Hermosa  formation  of  the  San  Juan, 
which  underlies  the  llico.  In  the  Grand  Canyon  section, 
however,  the  lower  part  of  the  Goodridge  ha^  no  equivalent 
that  can  at  present  bo  recognized,  but  it  is  closely  related 
faunally  to  the  ^[agdalena  limestone  of  New  Mexico. 

Developments  of  the  last  ten  years  have  brought  about 
an  assignment  of  the  Rico  formation  to  the  Pennian  (?), 
while  the  upper  part  of  the  old  Redwall  limestone  is 
referred  to  the  Pennsylvanian  and  now  included  in  the 
Supai  formation.     It  is  evident  that  the  upper  part  of  the 
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Goodridge  can  not  be  correlated  with  both  these  forma- 
tions and  yet  these  assignments  be  correct.  An  error  evi- 
dently exists,  but  it  can  not  at  present  be  located.  The 
correlations  here  adopted  seem  the  natural  ones,  and  it  is 
thought  better  to  continue  them  for  the  present  and  to 
leave  adjustments  of  age  determinations  to  a  future  day 
and  more  satisfactory  evidence. 

At  present,  therefore,  the  upper  part  of  the 
Goodridge  can  not  be  assigned  with  assurance 
to  any  epoch,  but  the  greater  part  of  the  forma- 
tion is  certainly  Pennsylvanian.  It  is  evident 
from  Mr.  Girty's  remarks  that  any  attempt  to 
match  the  Goodridge  with  a  part  of  the  stand- 
ard Grand  Canyon  section  must  be  considered 
as  tentative  only.  This  fact  should  be  borne 
in  mind  in  connection  with  the  columnar  sec- 
tions (Pis.  I,  II)  offered  in  this  paper. 

Sandstone  and  limestone  beds  of  the  Good- 
ridge formation  supply  the  oil  in  the  San  Juan 
field,  as  noted  by  Gregory  and  WoodruflF. 
Some  of  these  oil-bearing  beds  are  near  the  top 
of  the  formation,  but  others  are  much  deeper, 
the  lowest  being  1,300  feet  below  the  top.  Oil 
seeps  occur  at  several  places  along  the  bottom 
of  the  San  Juan  Canyon.  The  largest  extends 
for  1}  miles  above  the  mouth  of  Slickhom 
Gulch,  and  the  oil  at  this  locality  comes  from 
westward-dipping  beds  along  and  near  a  fault 
about  520  foct  below  the  top  of  the  Goodridge. 

Supai  ( ?)  formation. — ^The  Goodridge  forma- 
tion in  the  San  Juan  region  and  in  Cataract 
Canyon  is  overlain  by  red  sandy  shale  and  shaly 
sandstone.  (See  PI.  Ill,  C.)  Gregory  notes 
that  no  definite  unconformity  is  recognized  at 
the  top  of  the  Goodridge,^®  but  there  appears 
to  be  a  transition  to  the  red  beds  above  through 
limestone  conglomerate  that  may  represent  a 
gradual  change  from  marine  to  continental  con- 
ditions. At  the  mouth  of  Slickhom  Gulch,  on 
the  west  side  of  the  San  Juan  oil  field,  these 
higher  red  beds  are  380  feet  thick.  (See  PI. 
IV,  C.)  In  view  of  their  lithologic  character 
and  their  position  immediately  beneath  the 
Coconino  sandstone,  a  possible  correlation  with 
Noble's  Hermit  shale  is  suggested;  but  in  the 
absence  of  fossils  the  beds  are  correlated  doubt>- 
fuUy  with  the  upper  part  of  Noble's  Supai 
formation,  which  has  a  much  wider  known  dis- 
tribution than  the  Hermit  shale.  Woodruff 
and  Gregory  referred  these  red  beds  to  the  lower 
part  of  the  Moenkopi  formation,  which  is  now 
recognized  as  Triassic.     (See  Pis.  I  and  II.) 

>•  Gregory,  H.  E.,  Ceology  of  the  Navajo  country:  U.  S.  Geol.  Survej 
Prof.  Paper  93,  p.  21,  1917. 
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In  the  head  of  Marble  Canyon  about  500  feet 
of  red  shale  and  sandstone  containing  beds  of 
blue  limestone  in  their  lower  part  were  observed 
beneath  the  Coconino  sandstone.  The  highest 
of  these  beds  may  be  equivalent  to  Noble's 
Hermit  shale,  but  the  lowest  are  probably 
equivalent  to  his  Supai  formation. 

Coconino  sandstone, — The  Coconino  sand- 
stone has  yielded  no  determinable  fossils,  but 
it  is  recognized  in  southern  Utah  by  criteria 
other  than  its  peculiar  lithologic  character. 
In  Marble  Canyon,  southwest  of  Lees  Ferry, 
Ariz.,  the  sandstone  is  present  in  its  normal 
position  beneath  the  Kaibab  limestone,  which 
in  turn  is  unconf ormably  overlain  by  the  Lower 
Triassic  Moenkopi  beds.  In  Circle  Cliffs  the 
same  relations  are  seen  but  the  Kaibab  is 
much  thinner  than  at  Lees  Ferry  and  localities 
farther  west.  In  and  about  Cataract  Canyon 
and  on  the  San  Juan  the  Kaibab  is  absent  and 
the  Moenkopi  rests  unconformably  on  a  thick 
sandstone  that  has  all  the  characteristics  of 
the  Coconino.  Gilbert  recognized  this  rela- 
tion near  Cataract  Canyon  and  referred  to  the 
sandstone  as  the  "Upper  Aubrey  sandstone," 
the  name  used  at  that  time  for  the  Coconino 
in  the  Grand  Canyon.  (See  Pis.  I,  II,  IV,  (7, 
and  V,  B  and  C.) 

The  sandstone  here  called  Coconino  has  been 
traced  by  B.  S.  Butler,*^  F.  L.  Hess,»«  H.  E. 
Gregory,"  C.  R.  Longwell,  and  H.  D.  Miser 
practically  the  entire  distance  from  Cataract 
Canyon  to  the  San  Juan  oil  field  by  way  of 
White  Canyon.  The  three  large  natural  bridges 
in  White  Canyon  are  stated  by  Hess  and 
Gregory  to  have  been  formed  in  this  sand- 
stone. On  the  San  Juan  the  Coconino  is  ex- 
posed in  a  small  area  on  the  crest  of  an 
anticline  at  Zahns  Camp,  but  farther  upstream 
it  is  exposed  over  large  areas,  being  the  surface 
formation  in  the  part  of  Moonlight  Valley  in 
which  Train  and  Organ  rocks  are  situated  and 
also  in  the  broad  dissected  plateau  between 
the  Clay  Hills  and  the  San  Juan  oil  field. 
(See  PL  IV,  A  and  C.)  The  eastern  part  of 
the  plateau  is  knowTi  as  Cedar  Mesa.  Wood- 
ruff" states  that  eastward  from  Cedar  Mesa 
the  sandstone  grades  completely  into  red  sandy 
shale  on  the  southeast  side  of  the  oil  field. 
This  shale  and  the  equivalent  sandstone  were 

w  Butler,  B.  8.,  The  ore  deposits  of  Utah:  U.  S.  Geol.  Survey  Prof. 
Paper  ill,  pp  619-620, 1920. 
M  Oral  communication. 
»  Woodruff,  E.  O.,  op.  cit.,  p.  86. 


included  by  Woodruff**^  and  Gregory"  in  their 
Moenkopi  formation.     (See  Pis.  I  and  11.) 

The  sandstone  is  massive  and  highly  croes- 
bedded,  and  its  color  is  creamy  white,  though 
on  Cedar  Mesa  much  of  it  is  tan.  The  grains 
are  fine  to  medium  in  size,  and  as  a  rule  the 
cement  of  calcium  carbonate  is  sufficient  to 
make  the  rock  fairly  firm,  although  in  places 
it  is  friable.  The  greatest  thickness  observed 
is  in  Cataract  Canyon,  where  it  measures 
nearly  1,000  feet.  In  the  Circle  Cliffs  only 
the  top  of  the  formation  can  be  seen,  but  the 
deep  well  mentioned  above  penetrates  white 
sandstone  hundreds  of  feet  thick  immediately 
beneath  the  Kaibab  and  then  passes  through 
beds  that  are  probably  the  equivalent  of  the 
Supai  ( ?)  formation.  The  Coconino,  as  well 
as  most  of  the  supposed  Supai  there,  consists 
of  white  sandstone,  so  that  these  two  forma- 
tions can  not  be  separated  in  the  well  log. 
Their  combined  thickness  is  1,550  feet.  Near 
the  mouth  of  Moonlight  Creek  on  the  San 
Juan  the  thickness  of  the  Coconino  is  about 
600  feet;  at  the  mouth  of  Slickhom  Gulch, 
also  on  the  San  Juan,  it  is  about  400  feet; 
at  Lees  Ferry  it  is  300  feet;  in  the  Grand 
Canyon  it  ranges  from  250  to  350  feet;  and 
to  the  west  it  gradually  decreases,"  the  for- 
mation losing  its  identity  in  southern  Nevada." 
Thus  it  is  evident  that  the  sandstone  thickens 
consistently  toward  the  northeast  in  the  area 
of  its  known  distribution. 

Kaibab  limestone. — ^Typical  Kaibab  lime- 
stone consisting  of  white  and  yellow  dolomite 
and  limestone  with  numerous  chert  nodules  is 
present  in  the  Circle  Cliffs,  but  its  thickness  is 
only  150  feet,  as  compared  with  250  feet  at  Lees 
Ferry,  400  to  600  feet  in  the  Grand  Canyon,**  and 
1,000  feet  in  northwestern  Arizona  and  south- 
western Utah.25  (See  PI.  V,  A.)  It  is  not 
found  in  Cataract  Canyon,  in  the  Hqnry  Mount- 
ains,** or  along  San  Juan  River.  (See  Pis.  I  and 
II.)  Thus  it  appears  to  thin  progressively 
toward   the    northeast,   with    the    thickening 

»  Woodruff,  E.  (}.,  op.  cit.,  pp.  86-87. 

*^  Gregory,  H.  E.,  Cleoiogy  of  the  Navajo  country:  U.  S.  Geol.  Survey 
Prof.  Paper  93,  pp.  29-30, 1917. 

"  Reeside,  J.  B.,  and  Bassler,  Harvey,  Stratignphic  secttons  intoutb- 
wostom  Utah  and  northwestern  Arizona:  U.  S.  Ged.  Surrey  Prof. 
Paper  129,  pp.  67-^,  1922. 

"  l^ongwell,  C.  R.,  Geology  of  the  Muddy  Hountalns,  Nev.,  with  a 
section  to  the  Grand  Wash  Cliffs  in  western  Arizona:  Am.  Jour.  8d., 
5th  ser.,  vol.  1,  p.  47,  1921. 

S4  Noble,  L.  F.,  The  Shinumo  quadrangle.  Grand  Canyon  district, 
Ariz.:  U.  S.  Geol.  Survey  Bull.  649,  p.  70, 1914. 

»  Reeside,  J.  B.,  and  Bassler,  Harvey,  op.  dt.,  pp.  09-76. 

»  GUbert,  G.  K.,  Geology  of  the  Henry  Mountains,  p.  4,  U.  8.  Qtog. 
and  Geol.  Survey  Rocky  Mtn.  Region,  1880. 
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of  the  Coconino  sandstone  in  this  direction, 
suggesting  lateral  gradation  of  the  limestone 
into  the  sandstone  at  the  top  of  the  Coconino. 
It  is  probable,  however,  that  a  large  part  of 
the  thinning  is  due  to  beveling  during  the 
erosion  interval  recorded  by  the  unconformity 
at  the  base  of  the  Triassic.  This  problem  is  of 
considerable  interest,  especially  to  the  paleo- 
geographer,  for  under  the  first  interpretation 
the  Kaibab  shore  line  certainly  lay  at  no  great 
distance  east  of  the  Circle  Cliffs,  whereas  the 
alternate  explanation  permits  a  much  greater 
extension  of  the  Kaibab  sea  eastward.  Study 
of  the  Kaibab  faunas  gives  weight  to  the  sug- 
gestion that  pre-Triassic  erosion  beveled  pro- 
gressively eastward,  for  the  fauna  found  in  the 
Circle  Cliffs  is  of  \he  ''normal  Kaibab"  type'' 
and  not  the  upper  '^ BeUeropJion  limestone" 
fauna.  Therefore  it  is  probable  that  the  Kaibab 
present  in  the  Circle  Cliffs  is  lower  stratigraphi- 
cally  than  the  top  of  the  Kaibab  in  the  Grand 
Canyon  and  the  ^^ BeUerofhon  bed"  in  the  Park 
City  formation  of  the  Uinta  country. 

XBOSION  mrSBVAL. 

A  significant  unconformity  separates  the 
Paleozoic  and  Mesozoic  sections.  There  is  no 
perceptible  divergence  between  beds,  but  an 
unmistakable  surface  of  erosion  lies  beneath 
the  Moenkopi  formation  wherever  it  has  been 
studied  in  Arizona,  Utah,  and  Nevada.  The 
unconformity  is  particularly  well  shown  near 
Cataract  Canyon  and  about  the  mouth  of 
Fremont  River,  where  the  top  of  the  Coconino 
sandstone  forms  wide  structural  platforms. 
Recent  erosion  has  stripped  away  the  soft 
Triassic  sediments,  and  the  more  resistant 
Coconino  preserves  large  areas  of  the  pre- 
Triassic  erosion  surface  almost  unchanged, 
with  patches  of  the  basal  conglomerate  of  the 
Moenkopi  still  adherering  to  it  here  and  there 
^in  the  shallow  valleys  and  rounded  divides. 
Farther  back  from  the  main  streams  recent 
canyons  are  cut  through  the  contact,  revealing 
it  as  a  distinct  wavy  line,  overlain  by  conglome- 
rate in  which  all  the  pebbles  are  of  sandstone. 

TRIASSIC  SYSTEM.  ' 

MoeTikopi  formation. — The  Moenkopi  forma- 
tion, of  Lower  Triassic  age,  comprises  thick  beds 
of  shale  andsandstone  that  lieunconformablyon 

^  See  Reeside,  J.  B.,  and  Bassler,  Harvey,  op.  cit.,  pp.  66-G7. 


the  Permian  rocks  and  are  at  most  places  uncon- 
f  ormably  overlain  by  the  distinctive  Shinarump 
conglomerate.  As  thus  defined  the  Moenkopi 
consists  of  several  members,  which  vary  consid- 
erably in  character  and  thickness  from  one  lo- 
cality to  another.  The  total  thickness  ranges 
from  304  feet  in  the  Circle  Cliffs  to  920  feet  south 
of  the  Henry  Mountains  and  along  San  Juan 
River.  No  marine  fossils  have  been  reported 
from  the  formation  in  southern  Utah,  but  the 
lower  beds  exhibit  a  regularity  and  a  imif  ormity 
of  texture  that  suggest  deposition  in  a  large 
body  of  water.  Farther  west  and  southwest, 
in  Arizona,  southern  Nevada,  and  southwestern 
Utah,  the  lower  part  of  the  formation  is  clearly 
of  marine  origin  but  the  upper  part  is  un- 
mistakably of  continental  origin. 

Along  the  San  Juan  the  Moenkopi  consists 
principally  of  red  sandy  shale  and  earthy  sand- 
stone, with  a  little  gypsum.  (See  PL  VI,  B.) 
South  and  southwest  of  Piute  Farms,  on  the 
river,  a  thin  bed  of  cream-colored  sandstone  is 
foimd  near  the  middle  of  the  formation,  and 
this  layer  thickens  gradually  toward  the  south, 
developing  into  a  massive  cross-bedded  mem- 
ber which  in  Train  Rock  has  an  estimated 
thickness  of  about  200  feet.  This  sandstone  is 
apparently  the  same  as  the  sandstone  in  south- 
eastern Utah  called  De  Chelly  by  Gregory. 
He  treated  the  De  Chelly  as  a  separate  forma- 
tion, because  in  most  of  the  region  he  studied 
south  of  the  San  Juan  he  found  it  above 
Moenkopi  shales  and  immediately  imdemeath 
the  Shinarump  conglomerate.  He  also  found 
that  the  '^Oljato  sandstone''  of  Woodruff  is 
made  up  of  the  De  Chelly  and  the  Shinarump. 
(See  PI.  I.)  The  De  Chelly  sandstone,  accord- 
ing to  Gregory,  is  present  on  the  east  side  of 
the  San  Juan  oil  field,  where  it  is  red  and  thins 
out  toward  the  north.  He  also  states  that  the 
Shinarump  conglomerate,  wherever  it  is  present 
on  the  east  side  of  the  oil  field,  rests  on  the 
De  Chelly  sandstone.  It  appears  probable, 
therefore,  that  the  upper  shales  of  the  Moenkopi 
were  entirely  removed  in  part  of  the  Navajo 
country  by  pre-Shinarump  erosion.  An  alter- 
nate hypothesis  might  be  that  these  upper 
shales  are  replaced  toward  the  south  by  the 
thickening  of  the  De  Chelly  sandstone. 

The  sandstone  that  is  here  tentatively  corre- 
lated with  the  typical  De  Chelly  sandstone  of 
northeastern  Arizona  disappears  entirely  near 
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Piute  Farms  and  Clay  Hill  Crossing  on  the  San 
Juan,  and  it  was  not  recognized  in  sections  for 
25  miles  north  of  Clay  Hill  Crossing. 

Along  Colorado  River  below  Cataract  Canyon 
the  Moenkopi  again  shows  three  distinct  divi- 
sions. The  lower  division,  about  400  feet 
thick,  consists  of  red  and  maroon  sandstone 
and  sandy  shale  in  regular  beds,  with  a  gray 
conglomerate  layer  at  the  base.  Shaly  beds 
predominate  near  the  bottom  of  the  section, 
forming  a  slope  that  steepens  upward  and 
merges  into  a  cliff  made  of  the  more  resistant 
red  sandstone.  In  most  sections  this  cliff  is 
capped  with  a  layer  of  cross-bedded  gray  or 
cream-colored  sandstone,  ranging  in  thickness 
from  a  few  inches  to  60  feet.  On  accoimt  of 
its  persistence  and  its  striking  contrast  with 
the  imderlying  red  beds  this  member  forms  an 
excellent  horizon  marker.  Its  stratigraphic 
position  and  lithologic  character  suggest  its 
correlation  with  the  De  Chelly  ( ?)  lentil  on  the 
San  Juan. 

The  upper  division  of  the  Moenkopi  along 
this  portion  of  the  Colorado  consists  chiefly  of 
chocolate-colored,  red,  and  gray  shale  and 
sandstone  ranging  in  thickness  from  350  to 
nearly  400  feet.  Thin-bedded  sandstone  pre- 
dominates in  the  lower  part,  and  the  proportion 
of  sandy  shale  increases  upward.  The  division 
as  a  whole  has  a  weak  topographic  expression, 
forming  a  concave  slope  below  the  Shinarump 
cliff.  Thin  flaggy  sandstone  layers  with  strong 
ripple  marks  and  current  marks  recur  at  short 
intervals  in  the  section.  Lenticular  layers  of 
cross-bedded  sandstone  15  feet  in  maximum 
thickness  are  also  common  and  form  the  roofs 
of  many  old  cliff  dwellings  that  are  built  in 
reentrants  at  horizons  of  shale.  All  the  sand- 
stone beds  show  evidence  of  strong  fluviatile 
action,  and  the  shales  were  probably  deposited 
on  flood  plains  or  in  shallow  temporary  lakes. 
A  persistent  layer  of  conglomerate,  from  a  few 
inches  to  25  feet  thick,  forms  the  base  of  the 
upper  division  and  fills  erosion  channels  in  the 
De  Chelly  (?)  sandstone.  This  distinct  ero- 
sional  imconformity  within  the  Moenkopi  is 
seen  in  all  sections  along  Colorado  River  and 
its  tributaries  from  Cataract  Canyon  to  Red 
Canyon,  where  the  gradual  westward  dip  car- 
ries the  formation  below  the  surface.  (See 
Pis.  V  and  VII,  A.) 

Near  Lees  Ferry,  Ariz.,  the  Moenkopi  con- 
sists of  about  500  feet  of  red  sandy  shale  and 


thin-bedded  sandstone  with  seams  of  gypsum, 
but  50  miles  to  the  south  it  has  numerous 
thick  beds  of  red  and  buff  sandstone.  Near 
Jacobs  Pools,  25  miles  west  of  Lees  Ferry,  12 
feet  of  greenish-yellow  sandy  shale  and  12  feet 
of  yellow  sandy  and  gypseous  limestone  occur 
at  the  top  of  the  formation. 

In  the  Circle  Cliffs  the  Moenkopi  consists  of 
475  feet  of  chocolate-colored  and  yellow  shale 
and  sandstone  with  a  few  tliin  beds  of  hard 
limestone  near  the  top.  No  gypsum  was  seen 
in  the  formation  in  this  area  or  along  the  Colo- 
rado, but  secondary  veins  of  gypsum  traverse 
the  Moenkopi  shales  near  Fruita,  in  Wayne 
County,  Utah.  Only  a  Uttle  gypsum  occurs  in 
the  Moenkopi  of  the  San  Juan  region  and  near 
Lees  Ferry,  and  the  general  scarcity  of  the 
mineral  in  the  entire  region  under  discussion 
is  noteworthy  in  view  of  the  high  content  of 
primary  and  secondary  gypsum  found  in  both 
the  marine  and  continental  phases  of  the  Lower 
Triassic  in  Arizona,  southern  Nevada,  and 
southwestern  Utah. 

From  the  foregoing  account  and  from  the 
colunmar  sections  (Nos.  6  to  9  on  PL  I)  it  is 
apparent  that  the  Moenkopi  of  Woodruff  and 
Gregory  in  the  San  Juan  region  includes  not 
only  the  typical  or  true  Moenkopi  but  also  the 
Coconino  sandstone  and  tho.  Supai  (?)  for- 
mation. 

Shinnnimp  canglomfrcUe, — The  remarkable 
persistence  of  the  wShinarump  conglomerate  has 
excited  the  wonder  of  geologists  who  have 
studied  Triassic  sections  in  different  parts  of 
the  Colorado  Plateau.  Within  the  area  imder 
discussion  it  is  generally  present  at  the  base 
of  the  Upper  Triassic,  Ipng  on  the  eroded  upper 
surface  of  the  Moenkopi  formation.  It  is  a 
massive  unit  of  coarse  cross-bedded  sandstone, 
in  which  are  interspersed  lenses  of  conglom- 
erate that  contain  small  rounded  pebbles  of 
chert,  quartzite,  and  silicified  wood.  Silicified 
logs  are  abimdant,  and  many  plant  impressions 
were  seen  on  bedding  surfaces.  The  average 
thickness  of  the  unit  is  probably  less  than  60 
feet,  but  it  fills  depressions  in  the  imderlying 
beds  and  at  some  localities  attains  a  thiclaiess 
of  more  than  200  feet.  Near  the  mouth  of 
Nokai  Creek  on  the  San  Juan  the  thickness  is 
220  feet. 

The  position  of  the  Shinarump  conglomerate 
between  two  thick  shaly  formations  gives  it  a 
strong  topographic  expression  on  the  sides  of 
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vaUeys,  the  edge  forming  a  prominent  cliff  in 
front  of  a  stripped  bench  and  above  a  pro- 
nomiced  slope.  (See  Pis.  IV,  5;  V,  -4;  VI, 
A;  and  VII.)  The  formation  is  made  still 
more  conspicuous  in  many  sections  by  its  dark 
color  on  exposed  edges;  for  although  the  fresh 
sandstone  is  ordinarily  gray,  it  appears  to  ac- 
quire an  especially  dark  coat  of  desert  varnish 
with  long  exposure.  This  characteristic  is  so 
pronounced  that  the  Shinarump  is  often  re- 
ferred to  as  *'the  black  layer"  by  prospectors 
and  others  along  the  Colorado.  Deposits  of 
camotite  in  the  formation  have  been  mined 
at  several  localities. 

The  exact  conditions  under  which  the  Shina- 
rump was  deposited  have  been  the  subject  of 
much  discussion,  and  no  conclusion  appears  to 
be  generally  accepted.  Whatever  the  condi- 
tions were,  it  is  evident  that  they  must  have 
been  almost  uniform  over  a  very  wide  region, 
for  in  its  essential  characteristics  the  formation 
differs  little  in  all  the  sections  studied  in  Utah, 
Arizona,  and  Nevada.  The  uniformity  ex- 
tends even  to  its  thickness,  for  the  total  sec- 
tion rarely  exceeds  200  feet,  and  this  maximum 
applies  to  very  small  areas.  The  lenticular  and 
cross-bedded  structure  indicates  the  action  of 
shiftmg  streams  with  fluctuating  volume,  and 
the  uniformly  small  thickness  evidently  indi- 
cates a  nearly  even  surface  with  slight  eleva- 
tion. It  is  not  probable  that  the  region  was  a 
desert,  for  the  abundance  of  silicified  wood 
fdimd  in  all  sections  testifies  to  a  climate  suit- 
able for  the  growth  of  large  trees. 

Chinle  formation, — ^The  Shinarump  is  be- 
lieved to  be  the  *' basal  conglomerate ".  of  the 
Upper  Triassic,  for  the  finer  sediments  of  the 
Chinle  formation  in  this  region  follow  without 
any  apparent  break.  Thick  beds  of  marly 
shale,  gray,  pink,  lavender,  yellow,  and  varie- 
gated, form  the  most  conspicuous  part  of  the 
Chinle.  Fine-grained  sandstone,  cherty  lime- 
stone, and  a  few  conglomeratic  beds  are  inter- 
calated with  the  shale.  Large  silicified  logs 
are  found  in  sandstone  layers  at  several  hori- 
zons, and  there  are  other  indications  that  the 
entire  deposit  is  of  continental  origin.  Along 
the  San  Juan  the  thickness  ranges  from  800  to 
1,000  feet,  and  at  Lees  Ferry  it  is  about  1,000 
feet  thick,  but  it  is  much  thinner  to  the  north, 
averaging  300  feet  along  the  Colorado  above 
the  Waterpockot  Fold  and  450  feet  west  of  the 
Waterpocket  Fold.     This  thinning  may  be  due 
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in  part  to  pre-Jurassic  erosion,  for  an  erosional 
unconformity  at  the  top  of  the  Chinle  is  gener- 
ally recognized,  especially  in  the  northern  lo- 
calities, although  it  does  not  appear  to  be 
profound. 

Wherever  the  Chinle  is  exposed  over  areas 
of  considerable  size  it  gives  rise  to  badland 
topography.  Along  the  sides  of  valleys  it 
forms  long  slopes,  broken  by  low  steps  at 
horizons  of  sandstone  or  limestone  layers. 
(See  Pis.  IV,  B;  V,  A;  VI,  B;  VII ;  and  VIII,  B.) 

Limestone  is  found  in  the  upper  part  of  the 
formation  in  beds  that  range  from  a  few  inches 
to  2  feet  in  thickness,  intercalated  with  limy 
shales.  The  limestone  is  dense  and  hard  and 
contains  an  abundance  of  chert  in  nodules  or 
lenses.  Layers  of  intraformational  limestone 
conglomerate  are  not  imcommon.  In  most 
places  the  limestone  beds  are  thin  and  are 
limited  to  a  section  not  exceeding  30  feet  in 
thickness,  but  at  a  few  localities  the  individual 
layers  average  nearly  2  feet  in  thickness  and 
make  up  fully  half  of  a  section  50  or  60  feet 
thick.  Sandstone  increases  in  amoimt  toward 
the  top  of  the  formation. 

JUBASSIC  SYSTEM. 

Oeneral  features. — Red,  brown,  tan,  and  gray 
sandstones  of  Jurassic  age  form  the  most 
prominent  outcrops  in  the  area  under  consider- 
ation. The  units  were  traced  almost  contin- 
uously, and  their  relations  for  this  portion  of 
the  plateau  were  determined  without  question. 
There  still  exists  some  degree  of  doubt  as  to 
the  proper  terminology  to  be  applied  in  the 
Jurassic  section,  however,  and  the  reasons  for 
this  uncertainty  will  be  discussed  briefly. 

In  the  eastern  part  of  the  Navajo  country 
Gregory  recognized  three  Jurassic  formations,^ 
which  he  thought  were  equivalent  to  the  La 
Plata  sandstone  of  southwestern  Colorado. 
For  the  lowest  unit  he  adopted  Button's  term 
Wingate  sandstone,  considering  it  identical 
with  the  section  in  the  Zuni  Plateau,**  to  which 
this  name  had  been  applied,  and  he  called 
the  upper  formation  the  Navajo  sandstone. 
In  western  New  Mexico  and  eastern  Arizona 
these  two  thick,  cross-bedded  formations 
are  separated  by  beds  of  hard  limestone 
and  limy   shale,    at  no   place   aggregating   a 

«  Gregory,  H.  E.,  Geology  of  the  Navajo  country:  U.  8.  Oeol.  Survey 
Prof.  Paper  93,  pp.  52-59, 1917. 

»  Dutton,  C.  E.,  Mount  Taylor  and  the  Zuni  Plateau:  U.  S.  G«oL 
Survey  Sixth  Ann.  Rept.,  pp.  136-137, 1885. 
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thickness  Of  more  than  a  few  feet,  but  so  per- 
sistent that  they  were  recognized  as  a  distinct 
unit  and  named  the  Todilto  formation,  from 
Todilto  Park,  N.  Mex.  In  his  reconnaissance 
survey  Gregory  was  not  able  to  trace  the 
Todilto  continuously  to  the  west,  but  along 
the  San  Juan  and  in  the  vicinity  of  Navajo 
Mountain  he  recognized  a  distinct  threefold 
division  that  appeared  to  correspond  to  the 
three  formations  observed  farther  east.  The 
middle  unit  along  the  San  Juan  contains  more 
sandstone  than  the  typical  Todilto,  but  lime- 
stone and  limy  shale  are  present  at  numerous 
places,  and  the  sandstone  formations  above 
and  below  appear  to  be  identical  with  the 
Navajo  and  Wingate  of  western  New  Mexico. 
Accordingly,  Gregory  applied  the  name  Todilto 
to  the  middle  imit  tentatively,  realizing  that 
the  correlation  was  not  certain  but  only  very 
probable.*®  His  Wingate  and  Navajo  of  the 
western  Navajo  country  correspond  respec- 
tively to  Powell's  Vermilion  Cliff  and  White 
Cliff  sandstones  in  the  region  north  of  the 
Grand  Canyon  and  Marble  Canyon,  but  no 
intervening  formation  is  recognized  in  that 
region. 

Emery  worked  with  Gregory  in  the  eastern 
part  of  the  Navajo  country  and  later  made  a 
survey  of  the  Green  River  Desert,  east  of  the 
San  Rafael  Swell,  where  he  recognized  three 
distinct  Jurassic  formations  and  applied  to 
them  Gregory's  names  Wingate,  Todilto  (?), 
and  Navajo."  The  Todilto  ( ?)  of  Emery  con- 
tains fossils  and  is  known  to  be  at  the  horizon 
of  the  marine  Jurassic.  He  noted  an  apparent 
threefold  division  of  his  Wingate  in  different 
sections,  the  middle  member  consisting  of  thin- 
bedded  sandstone  and  shale;  but  the  height  of 
these  thin  beds  above  the  base  of  the  Wingate 
varies  at  different  localities,  and  therefore  he 
believed  that  the  beds  were  lenticular  and  did 
not  represent  a  constant  horizon.  Later  work, 
however,  indicate^s  that  the  beds  occur  at  a 
definite  horizon  and  that  the  variation  in 
height  above  the  base  of  the  Wingate  merely 
represents  a  variation  in  thickness  of  that 
formation,  perhaps  due  in  part  to  the  uncon- 
formity at  the  top  of  the  Chinle.  The  thin- 
bedded  unit  was  traced  by  Mr.  Moore  along  the 
San  Rafael  Swell  arid  the  Waterpocket  Fold, 

»  Gregory,  H.  E.,  op.  dt.,  pp.  55-M. 

"  Emery,  W.  B.,  The  Green  River  Desert  section,  Utah:  Am.  Jour. 
Sd.,  4th  ser.,  vd.  46,  pp.  551-577, 1918. 


and  other  contributors  to  this  report  followed 
the  beds  continuously  in  other  parts  of  the 
region,  tracing  them  to  the  San  Juan  and  to 
Rainbow  Bridge  and  other  localities  whore  the 
beds  form  the  unit  correlated  with  the  Todilto 
by  Gregory.  (See  PI.  II.)  It  appears,  there- 
fore, that  Gregory's  usage  has  priority  and 
should  be  retained  for  the  present.  It  remains 
for  future  field  work  to  determine  the  exact 
horizon  of  the  Todilto  at  the  type  locality.  If 
Gregory's  tentative  correlation  along  the  San 
Juan  should  prove  to  be  correct,  then  his 
terminology  should  be  kept  permanently  and 
new  names  should  be  given  to  the  formations 
designated  Todilto  ( ?)  and  Navajo  by  Emery. 
If  the  type  Todilto  is  found  to  be  at  the  hori- 
zon of  the  marine  Jurassic,  then  Emery's  tenti^ 
tive  usage  of  the  name  will  be  establi^ed;  but 
in  that  case  his  use  of  the  names  Wingate  and 
Navajo  should  be  reconsidered,  for  it  appears 
that  the  name  Navajo  might  well  be  retained 
for  the  sandstone  that  is  typically  exposed  in 
Navajo  Canyon  and  at  Navajo  Mountain,  snd 
the  series  of  thin  beds  beneath  it  (Gregory's 
Todilto  of  the  San  Juan)  deserves  a  new 
formation  name. 

In  the  following  descriptions  the  three  names 
are  used  in  Gregory's  sense,  with  the  reserva- 
tion suggested  above  regarding  the  Todilto. 
Emery's  Todilto  (?)  will  be  referred  to  as 
''gypsiferous  shales  and  sandstones"  and  his 
Navajo  will  be  designated  "varicolored  sand- 
stones and  shales."  Gregory,  during  field 
work  since  the  publication  of  his  reports  on  the 
Navajo  country,  has  recognized  these  two  units 
but  has  applied  only  temporary  field  names  to 
them. 

Wingate  sandstone. — The  Wingate  sandstone 
is  the  most  conspicuous  cliff-maker  in  the 
region.  (See  Pis.  IV,  B;Y,A;  VI,  B;  VII,  A; 
and  VIII.)  It  is  from  250  to  500  feet  thick, 
and  commonly  the  greater  part  of  the  total 
thickness  appears  as  a  single  massive  imit, 
which  is  cut  by  vertical  joints  and  presents  an 
impassable  wall  at  the  top  of  Chinle  slopes. 
In  some  sections  the  lowermost  beds  are  len- 
ticular, in  part  conglomeratic,  and  apparently 
fill  slight  depressions  in  Chinle  shale.  These 
lower  beds  are  obviously  waterlaid.  The  mas- 
sive, cliff-making  portion,  which  averages  about 
300  feet  in  thickness,  has  indistinct  and  dis- 
continuous bedding  and  is  cross-bedded  on  a 
large  scale.     These  structural  characteristics, 
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as  well  as  the  universal  fineness  and  roundness 
*  of  grain,  suggest  an  eolian  origin  for  this  prin- 
cipal member.  The  only  fossils  reported  from 
the  formation  are  a  few  dinosaur  tracks 
observed  by  Mr.  Miser  on  surfaces  of  the  lower 
lenticular  beds  at  a  locality  several  miles  above 
the  mouth  of  San  Juan  River. 

The  color  of  the  sandstone  on  exposed  sm*- 
faces  gives  the  cliffs  a  striking  appearance  even 
in  a  "painted  desert^*;  but  the  color  is  reddish 
brown  rather  than  vermilion  as  suggested  by 
the  old  formation  name.  On  unweathered  sur- 
faces the  rock  is  typically  buff-colored,  the 
darker  shade  ordinarily  seen  on  cliffs  resulting 
from  weathering. 

This  sandstone  forms  the  Vermilion  Cliffs  in 
western  Kane  County,  Utah.  Together  with 
the  overlying  Todilto  (?)  formation  it  corre- 
sponds in  age  to  Gilbert's  Vermilion  Cliff  group 
in  the  Henry  Mountains.'^  But  the  massive 
sandstones  of  the  Vermilion  Cliffs  near  Lees 
Ferry,  Ariz.,  and  of  the  Echo  Cliffs  are  made  up 
not  only  of  the  Wingate  sandstone  but  of  the 
Navajo  sandstone;  the  Todilto  (?)  formation 
has  not  been  recognized  and  is  apparently 
absent  there. 

Todilto  ( ?)  formation, — ^The  character  of  de- 
posits in  the  formation  tentatively  correlated 
with  the  Todilto  varies  considerably  both  ver- 
tically and  horizontally;  but  the  formation  is 
sharply  distinguished  from  the  underlying  and 
overlying  sandstones  by  comparative  thinness 
of  beds  and  by  undoubted  evidence  of  deposi- 
tion in  water.  Measured  sections  of  the  forma- 
tion in  the  region  under  discussion  range  from 
125  to  249  feet  in  thickness.  Layers  of  flinty 
limestone  and  of  calcareous  shale  are  present  in 
most  localities,  except  perhaps  to  the  north  and 
west,  but  everywhere  sandstone  makes  up  the 
greater  part  of  the  thickness.  The  lower  part  is 
commonly  very  lenticular  and  contains  consider- 
able conglomerate  with  small  sandstone  pebbles. 
These  beds,  as  well  as  others  liigher  in  the  forma- 
tion, were  probably  deposited  by  streams  with 
rapid^  shifting  currents.  The  layers  of  shale 
and  limestone  are  found  for  the  most  part  in 
the  middle  and  upper  portions.  The  shale 
forms  a  zone  of  weakness  that  commonly  causes 
the  overlying  Navajo  sandstone  to  retreat  be- 
hind the  Wingate  cliffs,  leaving  benches  floored 
by    the    lower    resistant    sandstone    of    the 

»  Gilbert,  G.  K.,  Report  on  the  geology  of  the  Henry  Mountains, 
pp.  6-7,  U.  8.  Oeog.  and  Geol.  Survey  Rocky  Mtn.  Region,  1880. 


Todilto  (?).  (See  Pis.  VIII,  B,  and  IX,  A.) 
The  limestone  beds  are  lenticular  and  range  from 
a  few  inches  to  2  feet  in  thickness.  The  material 
is  dense,  hard,  and  cherty  and  is  probably  of 
fresh-water  origin. 

In  some  sections  the  transition  from  the 
massive  Wingate  to  the  thinner  beds  above  ap- 
pears to  be  gradual,  but  at  many  localities  along 
the  Colorado  a  distinct  erosional  unconformity 
separates  the  two  formations,  lenticular  fluviar 
tile  beds  filling  valleys  on  the  surface  of  the 
Wingate.  In  a  chfT  the  lower  sandstones  of 
the  Todilto  ( ?)  are  readily  distinguished  from 
the  light-colored  Wingate  by  their  dark-maroon 
or  reddish-brown  color.  At  higher  horizons 
the  Todilto  (?)  beds  vary  in  color  through 
shades  of  brown,  tan,  and  lavender.  The  lime- 
stone layers  are  usually  gray. 

Navajo  sandstone, — Many  of  the  picturesque 
and  grotesque  erosion  forms  common  in  south- 
ern Utah  and  northern  Arizona  are  carved  in 
the  Navajo  sandstone  of  Gregory,  which  is  es- 
sentially equivalent  to  Gilbert's  ''Gray  CliflF 
group''  and  to  Powell's  White  Cliffs  sandstone. 
It  is  exposed  over  large  areas  along  the  Colo- 
rado and  the  San  Juan,  in  the  Waterpocket 
Fold  and  the  Circle  Cliffs,  and  farther  west  in 
south-central  Utah  and  forms  great  tracts  of 
ahnost  impassable  badlands,  in  which  domes, 
''mosques,"  and  "minarets"  are  common  fear 
tares.  (See  Pis.  VI,  J5;  VIII,  and  IX.) 
Caves,  alcoves,  and  arches  are  conspicuous  in 
cliffs  of  this  sandstone,  and  it  forms  a  number  of 
natural  bridges,  notably  the  Rainbow  and  Owl 
bridges,  near  Navajo  Mountain. 

The  thickness  varies  between  wide  limits, 
reaching  a  reported  maximum  of  1,800  feet  in 
western  Kane  County,  Utah,  and  a  minimum  of 
about  500  feet  south  of  the  Henry  Mountains. 
Along  the  Colorado  and  the  San  Juan  the  thick- 
ness is  commonly  from  600  to  800  feet,  but  a  few 
sections  measure  1 ,000  feet.  From  the  Water- 
pocket  Fold  westward  the  thickness  is  generally 
above  1,000  feet.  There  is  also  a  marked 
change  in  color  from  east  to  west.  From  the 
Waterpocket  Fold  westward  a  large  part  of  the 
formation  is  commonly  gray  or  creamy  white, 
whereas  m  the  region  south  of  the  Henry 
Mountains,  around  Navajo  Mountain,  at  Lees 
Ferry,  and  in  Comb  Ridge  the  sandstone  is 
typically  tan  or  buff. 

This  sandstone  is  frequently  cited  as  a 
typical  eolian  deposit.     Cross-bedding  of  the 
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"tangential"  type  and  on  a  very  large  scale 
characterizes  the  greater  part  of  the  formation, 
and  the  laminae  of  the  cross-bedded  structure 
show  the  abrupt  and  repeated  truncation  so 
commonly  seen  in  'living"  sand  dunes.  True 
bedding  planes  are  present  but  not  distinct, 
so  that  the  entire  formation  stands  in  some 
cliffs  with  the  appearance  of  a  single  massive 
layer.  Beds  of  compact  limestone  from  2  to  5 
feet  thick  lie  at  several  horizons  but  chiefly  in 
the  upper  half  of  the  formation.  These  beds 
extend  laterally  from  a  few  hundred  feet  to 
half  a  mile  and  probably  represent  deposition 
in  shallow  pans  or  basins.  In  view  of  the 
general  high  porosity  of  the  sandstone,  it 
would  seem  that  these  deposits  required  a 
high  ground-water  level,  at  least  locally. 

Oypsiferoiis  shales  and  sandstones. — The  series 
of  beds  here  designated  gypsiferous  shales  and 
sandstones  is  exposed  at  Bluff,  in  the  Henry 
Mountains,  and  farther  north,  between  Kaipa- 
rowits  Plateau  and  Escalante  River  and  along 
the  Colorado  below  the  mouth  of  the  San 
Juan  almost  to  Lees  Ferry.  (See  PI.  X,-4.) 
It  is  also  found  west  of  the  Kaiparowits  Plateau 
at  several  localities,  notably  in  western  Kane 
County,  Utah,  where  it  is  apparently  repre- 
sented by  about  100  feet  of  bluish-gray  marl 
with  considerable  gypsum.  In  typical  sections 
the  beds  consist  of  gypsiferous  shale  inter- 
calated with  layers  of  sandstone  and  some 
limestone,  with  an  average  total  thickness  of 
about  75  feet.  In  1918  W.  B.  Emery" 
studied  these  beds  in  the  Green  River  Desert  and 
reported  the  occurrence  of  marine  Jurassic 
fossils  in  some  of  the  limestone  layers.  This 
fossiliferous  series  had  been  noted  previously  by 
Gilbert  '^  and  by  Lupton.^^  In  some  sections 
there  are  indications  of  an  unconformity  be- 
tween these  beds  and  the  underlying  Navajo 
sandstone. 

The  beds  deserve  a  formation  name,  but  it 
appears  best  to  postpone  assigning  a  definite 
name  until  the  Todilto  problem,  discussed 
above,  has  been  finally  solved  by  further  field 
work. 

Varicolored  sandstones  and  shale fi. — The  thick 
series  of  beds  here  termed  varicolored  sand- 
stones and  shales  includes  the  greater  portion 
of    the    rocks    in    Gilbert's    ''Flaming    Gorge 

»  Op.  cit.,  pp.  56»-569. 

X  OUbert,  G.  K.,  Geology  of  the  Henry  Mountains,  p.  6,  isso. 

»  LuptOD,  C.  T.,  U.  S.  Qeol.  Survey  Bull.  628,  p.  24, 1916. 


group. '*  These  beds  reach  a  maximum  thick- 
ness of  approximately  1,430  feet  in  the  Water- 
pocket  Fold.  (See  PI.  X,  A.)  Along  Colorado 
River  between  the  mouth  of  the  San  Juan  and 
the  Crossing  of  the  Fathers  the  series  appeals 

<!  to  have  a  thickness  as  great  as  500  feet,  and 
near  Bluff  it  is  from  170  to  270  feet  thick. 
Complete  and  partial  sections  are  exposed  at 
many  localities  south  and  west  of  the  Henry 
Mountains  and  northeast  of  the  Kaiparowits 
Plateau.  The  series  contains  a  massive  cross- 
bedded  sandstone  member,  tan,  red,  and  gray, 
which  has  some  resemblance  to  the  tjrpical 
Navajo  sandstone.  Other  parts  of  the  section 
consist  of  thin-bedded  sandstone,  much  of  it 
shaly.  East  of  the  Waterpocket  Fold  the 
predominant  colors  are  red  and  tan,  but  in 
western  Kane  County,  where  the  stratigraphic 

i  position  of  the  series  is  occupied  chiefly  by 
sandy  shale,  many  of  the  beds  are  gray  and 
bluish  gray. 

Emery  considers  that  this  series  of  beds,  as 
well  as  those  at  the  horizon  of  the  marine 
Jurassic,  corresponds  to  the  La  Plata  sandstone 
of  Cross.  Gregory  limits  the  La  Plata  group 
to  his  Wingate,  Todilto,  and  Navajo  forma- 
tions. 

McELMO  FORMATION  (CBBTACBOXJSf). 

The  McElmo  formation,  of  Cretaceous  (?) 
age,  is  exposed  near  Bluff,  where  it  consists  of 
gray,  red,  and  green  shale  and  thin  beds  of 
sandstone  with  two  heavy  conglomeratic  layers, 
making  an  incomplete  section  several  hundred 
feet  thick.  At  places  these  conglomerates  con- 
tain carnotite  deposits.  Along  the  Colorado 
below  the  San  Juan  partial  sections  of  the  for- 
mation are  made  up  chiefly  of  a  massive  cliff- 
making  greenish-gray  sandstone,  in  part  con- 
glomeratic. In  western  Kane  County  the  Mo- 
Elmo  appears  to  be  represented  by  a  coarse 
conglomerate  of  undetermined  thickness. 

CBETACEOnS  STSTSH. 

Rocks  of  known  Cretaceous  age,  all  probably 
belonging  to  the  Upper  Cretaceous  series,  are 
represented  in  southern  Utah  by  exposures  in 
the  vicinity  of  the  Henry  Mountains,  along  the 
southern  border  of  the  High  Plateaus  in  west- 
ern  Garfield    and    Kane   counties,   and  in  8l> 
southeastward  projection,  of  which  Kaiparo- 
wits Plateau  is  the  chief  part,  extending  into 
eastern  Kane  County.     (See  PL  X,  A  and  5.) 
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The  total  thickness  of  the  Cretaceous  section 
in  this  region  is  about  3,500  feet.  The  rocks 
consist  of  alternating  divisions  of  bluish-drab 
shale  and  yellowish-brown  sandstone,  the 
former  appearing  in  slopes  and  badlands,  the 
latter  in  more  or  less  prominent  escarpments 
and  hogback  ridges.  They  are  divisible  into 
seven  distinct  units,  the  basal  one  of  which  is 
doubtfully  correlated  with  the  Dakota  sand- 
stone. To  the  rocks  above  this  basal  sand- 
stone Gilbert  applied  the  following  local  names, 
in  ascending  order:  Tununk  shale,  Tununk 
sandstone,  Blue  Gate  shale,  Blue  Gate  sand- 
stone, Masuk  shale,  and  Masuk  sandstone. 
These  names  were  derived  from  geographic 
features  in  the  Henry  Mountains.  As  duplica- 
tion of  names  is  contrary  to  the  practice  of 
the  United  States  Geological  Survey,  only 
Gilbert's  names  for  the  sandstones  have  been 
adopted,  and  in  this  report  his  names  for  the 
shales  will  be  used  in  quotation  marks,  be- 
cause of  the  doubt  regarding  the  relations  of 
this  whole  succession  of  sandstone  and  shale 
to  named  imits  to  the  north  and  east.  In  the 
present  state  of  knowledge' Mr.  Moore  tenta- 
tively correlates  the  *' Tununk  shale,"  Tununk 
sandstone,  and  ''Blue  Gate  shale"  with  the 
Mancos  shale  of  southwestern  Colorado  and 
east-central  Utah.  The  Blue  Gate  sandstone 
he  tentatively  correlates  with  the  Mesaverde 
formation,  the  *' Masuk  shale"  with  the  Lewis 
shale,  and  the  Masuk  sandstone  with  the  so- 
called  ''Laramie"  sandstone  of  southwestern 
Colorado.  Some  geologists,  however,  believe 
that  the  whole  succession  corresponds  to  the 
Mancos  shale. 

Dakota  (?)  sandstone, — ^As  in  most  of  the 
Cretaceous  sections  of  the  Rocky  Mountain 
and  Plateau  region,  there  is  present  in  southern 
Utah  a  basal  sandstone  and  conglomerate 
which  appears  to  be  homotaxially  equivalent 
to  the  Dakota  sandstone.  This  sandstone 
attains  a  thickness  of  100  feet  in  the  escarp- 
ment of  Kaiparowits  Plateau,  but  in  the  Henry 
Mountains  district  it  is  much  thinner  and  in 
places  is  absent.  It  evidently  overlies  the 
beds  beneath  it  unconformably,  for  the  upper 
surface  of  the  McElmo  is  somewhat  uneven,  the 
thickness  of  the  upper  division  of  the  McElmo 
is  variable,  and  at  one  place  a  slight  fold  in  the 
McElmo  strata  was  found  to  have  been  trun- 
cated before  the  deposition  of  the  sandstone. 


To  these  evidences  may  be  added  the  conglom- 
eratic character  of  the  formation.  The  color 
of  the  Dakota  ( ?)  sandstone  is  yellowish  brown 
to  white.  The  bedding  is  irregular.  Locally 
thin  beds  of  lignite  are  present. 

'^  Tununk  shale,  ^^ — The  formation  above  the 
Dakota  (?)  sandstone  consists  of  bluish-drab 
argillaceous  and  in  part  sandy  shale,  called 
^'Tununk  shale"  by  Gilbert.  The  shale  is 
900  to  1,000  feet  thick  in  exposures  east  of  the 
Waterpocket  Fold.  It  is  very  sandy  and 
grades  at  the  base  into  extremely  fossiliferous 
brown  sandstone.  The  shale  is  also  fossilifer- 
ous, containing  especially  large  numbers  of 
Gryphaea  newherryi, 

Tununk  sandstone, — ^The  sandstone  over- 
lying the  shale  just  described  was  called 
Tununk  sandstone  by  Gilbert.  It  has  a 
maximum  observed  thickness  of  about  100 
feet.  It  is  well  developed  in  the  vicinity  of  the 
Henry  Mountains  and  appears  to  be  present 
in  the  Kaiparowits  Plateau  but  was  not  found 
southwest  of  Table  Cliff  Plateau  in  western 
Garfield  Coimty.  It  is  light  yellowish  brown, 
is  irregularly  bedded,  and.  locally  contains 
some  lignite. 

^*Blue  Oaie  shale, '^ — Overlying  the  Timunk 
sandstone  is  a  shale  formation  1,100  to  1,200 
feet  thick,  which  resembles  the  ^*  Tununk 
shale"  in  texture  and  color  but  lacks  the 
numerous  fossils  that  are  characteristic  of  the 
"Tununk."  To  this  shale  Gilbert  applied 
the  name  ''Blue  Gate  shale." 

Blue  Gate  sandstone. — A  prominent  creamy- 
yellow  to  light-brown  massive  and  irregularly 
bedded  sandstone  succeeds  conformably  the 
shale  just  described.  Its  thickness  in  the 
Henry  Mountains,  where  it  was  named  the 
Blue  Gate  sandstone  by  Gilbert,^'  is  250  to  500 
feet,  but  in  the  Kaiparowits  Plateau  and  west 
of  Escalante  the  thickness  of  this  formation 
is  at  least  1,000  feet.  The  sandstone  contains 
lignite,  which  locally  is  of  very  good  grade  and 
reaches  a  thickness  of  4  feet  west  of  Mount 
Ellen.  No  fossils  were  obtained  from  this 
sandstone,  but  Lee  ^^  has  suggested  that  it  is 
comparable  with  the  Mesaverde.  It  is  ex- 
tremely improbable  that  this  sandstone  could 
represent    the    Ferron    sandstone    of    Castle 

^«  Gilbert,  G.  K.,  op.  dt.,  p.  4. 

^  Lee,  W.  T.,  Relation  of  the  Cretaoeous  formations  to  the  Rocky 
Mountains  in  Colorado  and  New  Mexico:  U.S.  Geol.  Survey  Prof.  Paper 
95,  p.  50, 1915. 
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Valley,  as  suggested  by  Lupton.'*  The  Ferron 
occurs  about  600  feet  above  the  base  of  the 
Mancos  as  there  identified  and  is  overlain  by 
3,000  feet  of  Mancos  shale,  whereas  this  sand- 
stone is  2,200  feet  above  the  base  of  the  Mancos 
and,  as  seen  in  the  Henry  Mountains,  is  suc- 
ceeded by  only  a  few  hundred  feet  of  shale. 
The  Cretaceous  section  of  southern  Utah 
appears  to  be  intermediate  in  character  between 
those  of  southwestern  Colorado,  northwestern 
New  Mexico,  and  northern  Arizona  and  those 
of  central  and  northern  Utah. 

^^  MasuJc  shale,^^ — ^Above  the  Blue  Gate 
sandstone  is  a  light-drab,  very  sandy  shale, 
which  in  the  Henry  Mountains  area  has  a 
thickness  of  500  to  700  feet  and  to  which 
Gilbert  applied  the  name  ^'Masuk  shale/' 
Below  Table  Cliff  Plateau,  in  western  Garfield 
County,  the  thickness  of  this  shale  is  un- 
determined but  is  probably  more  than  1,000 
feet.  The  upper  part  of  the  shale  contains 
thin  beds  and  lenses  of  brown  sandstone  and 
appears  to  grade  without  break  into  the  over- 
lying formation,  the  Masuk  sandstone. 

MdsuTc  sandstone, — ^The  uppermost  Creta- 
ceous formation  in  the  region  is  a  massive 
yellowish-gray  sandstone,  which  east  of  the 
Circle  Cliffs  appears  in  a  prominent  table-land 
bounded  by  high,  sheer  cliffs.  Its  thickness 
is  about  300  feet  according  to  measurements 
made  at  its  west  margin,  but  Gilbert  ^®  reports 
a  thickness  of  500  feet. 

TEBTIABT  SYSTEM. 

In  the  High  Plateaus  are  found  exposures  of 
the  youngest  stratified  rocks  of  the  region, 
comprising  pink,  lavender,  white,  and  vari- 
colored limestones,  sandstones,  and  shales  of 
Ek)cene  age.  These  rocks,  which  in  Garfield 
and  Kane  coimties  have  been  referred  to  the 
Wasatch  formation,  appear  in  vertical  cliffs 
and  in  the  fantasticallv  carved,  brilliantly 
tinted  walls  of  canyons  that  head  along  the 
margins  of  the  plateaus.  The  thickness  of  the  \ 
Tertiary  sequence  in  this  region  is  about  2,000 
feet.  Much  of  it,  especially  towai*d  the  north, 
is  buried  beneath  a  great  accumulation  of 
extrusive  igneous  rocks. 

The  Tertiary  beds  rest  with  very  great 
unconformity  on  the  Mesozoic  rocks,  the 
unconformity  being  angular  as  well  as  erosional. 
The  base  of  the  Tertiary  is  found  in  contact 

*  Lupton,  C.  T.,  Geology  and  coal  resouroos  of  the  Castle  Valley,  Utah: 
U.  S.  Oeol.  Survey  Bull.  628,  p.  32, 1916. 
»  Gilbert,  G.  K.,  op.  cit.,  p.  4. 


(?) 


successively  with  all  the  formations  from  the 
highest  Cretaceous  to  the  Navajo  sandstone, 
and  much  of  the  Navajo  was  in  places  removed 
before  Eocene  sedimentation.  It  therefore 
appears  that  an  important  deformative  move- 
ment, in  which  such  structural  features  as  the 
Waterpocket  Fold,  the  Circle  CliflFs  dome,  and 
the  gentle  flexures  south  of  Table  CliflF  Plateau 
were  formed,  followed  Cretaceous  deposition, 
and  that  before  the  deposition  of  the  Tertiary 
strata  began  this  deformed  rock  series  had 
been  planed  off  by  erosion  to  a  nearly  level 
surface,  a  denudation  involving  the  removal 
in  places  of  rock  strata  some  thousands  of  feet 
in  thickness. 

LOCAL  SECTIONS. 

General  section  of  rocks  near  Lees  Ferry ,  Ariz, 
[Measured  by  Kirk  Bryan.] 

Brown  thin-bedded  sandstone  and  shale, 
which  are  probably  the  equivalent  of  the 
beds  of  marine  Jurassic  farther  north 

Navajo  and  Wingate  sandstones:  Massive  tan- 
gentially  croes-bedded  red  to  buff  sand- 
stone. No  parting  visible  at  the  center, 
but  upper  half  has  lenses  of  dense  gray 
limestone  6  inches  to  3  feet  thick  at  inter- 
vals, and  near  the  top  nodules  of  limonite 
the  size  of  peas  are  common.  In  the  Ver- 
milion Cliffs  the  upper  half  is  distinctly 
lighter  in  color.  The  Todilto  (?)  formation 
is  apparently  absent 1, 100-1,  200 

Chinle  formation:  Blue,  green,  and  red  shale; 
white,  gray,  purple,  and  red  sandstone; 
and  cherty  limestone.  Upper  part  con- 
sists of  heavy-bedded  sandstone  and  red 
shale;  lower  part  contains  fossil  wood 

Shinarump  conglomerate:  Gray  conglomerate 
with  lenses  of  sandstone  and  shale;  much 
fossil  wood 

Unconformity. 

Moenkopi  formation:  Red  sandy  shale  and 
thin-bedded  sandstone  with  seams  of  gyp- 
sum. In  places  has  beds  of  red  and  gray 
sandstone  2  to  6  feet  thick,  and  in  one  local- 
ity 12  feet  of  g\T>8iferoiis  limestone  at  the 
top.  Base,  generally,  1  to  10  feet  of  chert 
conglomerate 

Unconformity. 

Kail)ab  limestone:  Yellow  limestone  with 
numerous  more  or  less  rounded  nodules  of 
chert 

Coconino  sandstone:  Gray  cross-bedded  mas- 
sive sandstone 

Unconformity  (?). 

Hermit    (?)    shale:  Red    shale 
and  sandstone 

Unconformity     (?)     (not     ob- 
served). 

Supai     formation:  Red     shale 
with  beds  of  blue  limestone.. 


1,000± 


0-40 


500± 


250 


300 


^(obBerved).. 


500  d: 
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Section  aboiU  S  miles  southeast  of  Piute  Farms  on  San 

Juan  River. 

[Measured  by  H.  D.  Miser.] 

Wiiigate  sandstone:  Feet. 

Massive  cross-bedded  tan  sandstone   forming 

sheer  cliff;  cut  by  numerous  vertical  joints; 

face  of  cliff  is  stained  dark  brown 270 

Coarae  brown  sandstone  with  pebbles  of  shale 

and  sandstone  up  to  2  inches  in  diameter 4 

Chinle  formation:  Green  and  pink  marly  clay  with 
beds  of  mottled  pink  and  gray  compact  limestone 
as  much  as  4  feet  thick  in  upper  part.  Some  of 
the  limestone  is  conglomerate.  Pebbles  in  con- 
glomerate are  limestone.  Pink  and  gray  flint 
on  slope  may  have  been  derived  from  weathering 
of  limestone.  Some  parts  of  clay  contain  irreg- 
ular concretions  of  calcareous  earthy  material. . .  830 
Shinarump  conglomerate:  Massive  gray  sandstone. .  10 
Moenkopi  formation: 

Chocolate-colored  shale  with  some  green  shale 
in  upper  half;  light  chocolate-colored  shale 
with  some  thick  beds  of  brown  fine-grained 

sandstone  in  lewer  half 340 

Brick-red  sandy  shale  and  earthy  sandstone  in 
beds  of  uniform  thickness.  The  De  Chelly  (?) 
sandstone  is  absent  at  this  place  but  wedges 
in  farther  south  near  the  top  of  this  part  of 

the  formation 500 

Moenkopi   or   Coconino:  ** Transition   beds"   like 

those  described  in  section  at  Zahns  Camp. 
Coconino  sandstone. 

Section  at  Zahns  Camp  on  San  Jvan  River. 
[Measured  by  H.  D.  MiserJ 

Chinle  formation:  Variegated  marly  shale.  Feet. 

Shinarump    conglomerate:  Massive    gray    pebbly 
sandstone;  forms  cliff 50 

Moenkopi  formation: 

Chocolate-brown  sandy  shale  with  a  smaller 

amount  of  brown  shaly  and  platy  sandstone; 

forms  steep  slope 325 

Brick-red  sandy  shale  and  earthy  sandstone  in 

even-bedded  layers 55 

Cream-colored  cross-bedded  massive  sandstone; 

De  Chelly  (?)  sandstone  lentil 90 

Brick-red  sandy  shale  and  a  smaller  amount 

of   red    earthy    sandstone    in    even-bedded 

layers 450 

Total  thickness  of  Moenkopi  formation 920 

Moenkopi  or  Coconino  ("transition  beds"): 

Heavy  gray  sandstone 5 

Brown  sandy  shale  and  brown  shaly  sandstone. 
A  bed  of  gray  limestone  1  foot  or  more  thick 

near  top . . . . : 45 

Massive  gray  sandstone 6 

Brown  sandy  shale 5 

Massive  gray  sandstone 4 

Brown  sandy  shale  and  brown  earthy  sandstone. 
Contains  one  or  two  thin  beds  of  gray  lime- 
stone          24 

Total  thickness  of  ' '  transition  beds  " 89 


Coconino  sandstone:  Massive  cross-bedded  cream-    Feet, 
colored  sandstone.    Two  beds  of  brown  sandy 
shale  aggregating  3  feet  near  the  top.    Exposure  of 
sandstone  extends  doMm  to  San  Juan  River 55 

Section  on  San  Juan  River  north  of  Spencer  Camp. 

(Measured  by  H.  D.' Miser.) 

Feet. 
Navajo  sandstone:  Creamncolored  to  yellow  massive 

cross-bedded  sandstone 200-f 

Todilto  (?)  formation: 

Brown  fine-grained  shaly  sandstone  with 
lavender  cast 170 

TiCnses  of  conglomerate  as  much  as  several  feet 
thick;  conglomerate  composed  of  sandstone 
pebbles  in  sandy  matrix 

Lavender,  brown,  and  buff  fine-grained  sand- 
stone in  comparatively  thin  layers 50 

Total  thickness  of  Todilto(?)  formation.  220 
Wingate  sandstone:  Buff  fine-grained  cross-bedded 

sandstone;  no  conglomerate  at  base 330 

Chinle  formation:  Variegated  marly  shale;  con- 
cealed almost  everywhere  by  landslides.  Forma- 
tion extends  to  river,  and  base  is  not  exposed 610 

Section  on  north  side  of  San  Juan  River  jtist  above  its  junc- 
tion tvith  the  Colorado. 

[Measured  by  H.  D.  Miser.] 
Navajo  sandstone:  peet. 

Gray  thin-bedded  very  fine  grained  limestone; 

forms  flat  top  of  small  mesa 4J 

Buff  massive  cross-bedded  sandstone 310 

Todilto  (?)  fonnation:  Dark  and  light  brown  sand- 
stone in  comparatively  thin  beds 200 

Wingate  sandstone:  Buff  sandstone  to  water's  edge 
of  San  Juan  River lO-f- 

Section  on  Colorado  River  near  the  mouth  of  Fremont  River, 

[Measured  by  C.  R.  LongweU.  The  canyons  of  Ck^orado  and  Fremont 
rivers  arc  cut  in  the  Coconino  sandstone.  Above  the  canyons  there 
is  a  wide  stripped  bench  on  the  Ckxx)nino,  with  scattered  buttes  of 
the  Moenkopi  formation.] 

Moenkopi  fonnation :  peet. 

Conglomerate  at  base  of  upper  member  of  for- 
mation. Contains  angular  pebbles  of  chert, 
with  maximum  length  of  2  inches,  also  a  few 
fragments  of  silicified  wood.  Firmly  ce- 
mented by  calcium  carbonate 15 

Unconformity. 

Gray  sandstone,  medium  to  coarse,  strongly 
cross-bedded  throughout.  Conspicuous  by 
contrast  with  red  sandstone  below.  De 
Chelly  (?)  lentil 40 

Regular  beds  (a  few  N^^th  cross  laminae)  of  red  to 
maroon  sandstone,  averaging  several  feet  in 
thickness,  of  fine,  uniform  grain.  A  few 
shaly  layers,  fonning  narrow  benches  in  cliff.       158 

Heavy  bed  of  cross-bedded  pink  to  tan  sand- 
stone; persistent,  good  horizon  marker;  fine 
uniform  grain 28 

Heavy  bed  of  reddish-brown  sandstone,  grad- 
ing into  gray  at  the  base 6 
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Moenkopi  fonnation — Continued.  Feet. 

Fine-grained  maroon  and  red  sandstone  and 
sandy  shale  in  regular  beds  from  6  to  30  inches 
thick;  form  steep  interrupted  slope 115 

Red  sandy  shale,  with  some  layers  of  cross- 
bedded  fine-grained  sandstone;  forms  slope; 
muscovite  abundant 45 

Massive  white  to  gray  sandstone,  with  medium 
grain 2 

Gritty  shale  and  fine-grained  sandstone,  red  to 
light  brown 22 

Incomplete  thickness  of  Moenkopi  fonna- 
tion         43 1 

Unconformity. 

Coconino  sandstone:  Gray  and  tan  sandstone,  of  fine 
to  medium  grain,  in  massive  beds  and  with  cross- 
bedding  on  large  scale.  Forms  walls  of  Narrow 
Canyon  and  Dirty^  Devil  Canyon.    Base  not  ex- 

Section  an  Colorado  River  near  mouth  of  Crescent  Creek 

C North  Wash"). 

[Measured  by  C.  R.  LongwellJ 

Feet. 

Wingate  sandstone  fonns  a  sheer  cliff  at  least  300  feet 
high,  at  top  of  the  steep  slope  on  which  the 

Chinle  formation  is  exposed 300+ 

Chinle  formation: 

Regular  beds  of  pink  sandstone,  6  inches  to  2 

feet  thick 12 

Coarse  sandstone,  pi^k  to  tan,  cross-bedded 25 

Gritty  shale  and   fine-grained   sandstone,   in 

thin  layers 10 

Gray  calcareous  sandstone 1 

Pink  sandstone  in  thin  beds 27 

Massive  layer  of  gray  to  buff  sandstone 6 

Calcareous  shale  in  massive  layers,  containing 
more  or  lees  grit,  with  a  few  intercalated 

thin  layers  of  fine-grained  sandstone 155 

Heavy  bed  of  dense  gray  limestone,  with  chert 

lenses  and  nodules 4 

^Pink  calcareous  shale 24 

Alternating  layers  of  gray  limestone  and  pink- 
ish shale.  Limestone  layers  average  2  feet  in 
thickness  and  are  dense,  with  abundance  of 

chert 27 

Gray,  lavender,  and  yellow  shale,  banded, 
with  a  few  thin  sandy  layers 102 

Total  thickness  of  Chinle  fonnation 393 

Shinarump  conglomerate:  Massive  coarse-grained, 
cross-bedded  sandstone,  with  lenses  of  conglom- 
erate ;  contains  abundance  of  silicified  wood 35 

Unconformity. 
Moenko{)i  fonnation: 

Lavender,  pink,  and  greenish  shale,  with  a  few 
sandstone    layers;  green    layers    prominent 

.  near  top 72 

(iray  and  yellow  sandy  shale  and  fine-grained 

sandstone 6 

Bright-red  clay  shale : 22 

Gray,  lavender,  and  yellow  shale,  with  a  few 
bands  of  dense  gray  limestone 60 


Moenkopi  formation — Continued.  y^ 

Red  and  pink  sandy  shale  and  fine-grained 
sandstone tq 

Fine-grained  cross-bedded  red  to  pink  sand- 
stone          2 

Alternating  layers  of  gray  sandstone  and  red 
shale ;  shale  papery,  sandstone  ripple  marked .        17 

Alternating  layers  of  red  and  brown  sandstone 
and  sandy  shale;  sandstone  layers  have  cur- 
rent and  ripple  marks,  also  a  few  rain  prints; 
partings  of  brown  paper  shale 55 

Single  bed  of  massive  cross-bedded  light-brown 
sandstone 22 

Alternating  layers  of  red  and  brown  sandstone 
and  sandy  shale;  sandstone  layers  have  cur- 
rent and  ripple  marks,  also  a  few  rain  prints.  65 

Alternating  thin  beds  of  gray  sandstone,  with 
very  thin  partings  of  brown  shale g 

Light-brown  conglomeratic  sandstone 2 

Alternating  thin  beds  of  gray  sandstone,  with 
very  thin  partings  of  brown  shale 2 

Light-brown  conglomeratic  sandstone 2 

Alternating  thin  beds  of  gray  sandstone,  with 
very  thin  partings  of  brown  shale 4 

Light-brown  conglomeratic  sandstone 3 

Alternating  thin  beds  of  gray  sandstone,  with 
very  thin  partings  of  brown  shale 9 

Massive  gray  cross-bedded  sandstone 3 

Alternating  thin  beds  of  sandstone  and  shale, 
yellow,  red,  brown,  and  lavender 9 

Firmly  cemented  conglomerate  with  angular 
pebbles  of  chert  and  hard  sandstone;  frag- 
ments of  lustrous  coal  and  of  silicified  wood 
also  occur  as  pebbles 10 

Total  thickness    of    upper  member  of 
Moenkopi  formation 441 

LTnconformitv. 

Massive  gray  sandstone,  with  marked  cross- 
bedding,  loosely  cemented  with  calcium 
carbonate.    De  ('helly  (?)  sandstone  lentil..       35 

T>T)ical  red  and  maroon  beds  of  lower  member. 

Section  on  Colorado  River  below  month  of  Crescent  Creek. 

[Measured  by  C.  K.  Longwell.] 

Navajo  sandstone:  Tan  and  buff  sandstone,  cross- 
bedded  on  large  scale.  The  sandstone  of  this 
locality  is  an  isolated  remnant  capping  a  hi^ 
point 300 

Todilto  (?)  formation: 

Alternating  regular  beds  of  calcareous  sand- 
stone and  gritty  shale,  with  a  few  layers  of 
limestone  conglomerate.  Two  of  the  sand- 
stone layers  are  cross-bedded  and  tan.  Other 
beds  are  pink,  gray,  and  lavender.  Form 
long  slope 77 

Thin  layers  of  red  and  maroon  sandstone,  cross- 
bedded 60 

Light-brow^  and  gray  cross-bedded  sandstone; 
friable,  forming  slope;  contains  hard,  con- 
cretionary nodules 22 

Total  thickness  of  Todilto  (?)  formation. .      159 
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Unconformity  (?).  Feet. 

Wingate  sandstone: 

Tan  and  light-brown  cross-bedded  sandstone, 
forming  cliff 85 

Conglomerate,  with  pebbles  and  boulders  of 
sandstone  as  much  as  2  feet  in  diameter,  also 
pebbles  of  red  clay;  calcareous  cement Q-4 

Maanve  cross-bedded  sandstone,  forming  al- 
moet  unbroken  cliff.  Tan  on  fresh  surfaces, 
reddish  brown  on  weathered  face 280 


Total  thickness  of  Wingate  sandstone...      369 
Chinle  formation :   Forms  a  long  slope  below  the  cliff 
•    of  the  Wingate  sandstone. 

Section  on  Colorado  River  near  irunith  of  Trachyte  Creek. 

[Measured  by  C.  R.  LongwellO 

Feet. 
Shinarump  conglomerate:   (^oarse-grained  gray  con- 
glomeratic sandstone,  with  abundance  of  silicified 
wood.    Forms  low  cliff,  with  shelf  above 5-15 


Unconformity. 
Moenkopi  formation: 

Alternating  layers  of  gray  sandstone  and  green- 
ish shale 

Lavender,  gray,  and  pink  calcareous  shale 

Fine-grained  brown  sandstone 

Gray  "marl,"  sandy  near  base 

Gray  cross-bedded  sandstone 

Greenish-gray  and  pink  shale,  paper-thin 

Bright-red  clay  shale 

Yellow,  lavender,  pink,  and  gray  "marly" 
shale,  in  thick  beds 

Alternating  chocolate-colored  shale  and  gray 
to  brown  sandstone,  in  thin  layers.  Ripple 
marks  abundant 

Massive  brown  sandstone  with  strong  current 
marks 

Alternating  chocolate-colored  shale  and  gray  to 
brown  sandstone 

Massive  sandstone 

Chocolate-colored  sandy  shale 

Massive  cross-bedded  sandstone 

Gray  sandstone  and  chocolate-colored  shale,  in 
alternating  thin  layers 

Massive  gray  to  brown  cross-bedded  sandstone. . 

Alternating  chocolate-colored  shale  and  gray  to 
brown  sandstone,  with  strong  ripple  marks. . 

Light-brown  cross-bedded  sandstone 

Chocolate-colored  sandy  shale 

Thick  layers  of  sandstone,  with  thin  partings 

• 

of  chocolate-colored  shale "... 

Alternating  gray  sandst^^ne  and  chocolate- 
colored  shale 

Heavy  layers  of  cross-bedded  current-marked 
sandstone,  vdth  thin  shale  partings;  sand- 
stone gray  to  brown,  shale  dark  chocolate- 
colored 

Brown  fine-grained  sandstone,  with  thin  lami- 
nation  

Heavy  layers  of  pink  cross-bedded  sandstone, 
with  shale  partings 

Alternating  gray  sandstone  and  brown  shale; 
abundant  ripple  and  current  marks 


5 

25 

3 

55 
3 
4 
5 

60 


60 

2 

8 
2 
6 
2 

4 
8 

•>o 

o 
10 

11 

18 


12 
6 

16 
22 


Moenkopi  formation — Continued.  Feet. 

Fine-grained  sandstone  with  shaly  lamination. .  9 
Firmly    cemented    conglomerate    containing 

angular  pebbles  of  chert  and  hard  sandstone. .  2 

Total   thickness   of   upper   member   of 

Moenkopi  formation 385 

Unconformity. 

De  Chelly  (?)  sandstone  lentil  (gray  to  pink 

cross-bedded  sandstone) 20 

Typical  red  beds  of  the  lower  member. 

Section  on  north  side  of  Twomile  Canyon,  direcUy  east  of 
Mount  HolmeSj  in  the  Henry  Mountains, 


[Measured  by  C.  R.  Longwell.) 

Navajo  sandstone:  Massive  tan  sandstone,  capping 
a  rounded  hill 


Todilto  (?)  formation: 

Massive  fine-grained  cross-bedded  lavender 
and  gray  sandstone 

Purple  and  gray  shale;  forms  slope 

Massive  cross-lnjdded  brown  sandstone,  me- 
dium to  coarse 

Red  and  brown  sandy  calcareous  shale  with 
thin  layers  of  dense  gray  limestone;  forms 
slope 

Brown  and  gray  heavy-bedded  sandstone  with 
calcareous  cement 

Pink  sandy  shale;  forms  slope 

Gray  sandstone  and  pink  sandy  shale  in  alter- 
nating beds 

Reddish- })rown  and  gray  medium  to  fine 
grained  sandstone  in  heavy  layers,  some 
with  cross-bedding.  Calcareous  cement. 
Layers  of  unequal  resistance,  forming  steep 
slope.  All  beds  lenticular;  a  few  lensefl 
conglomeratic 


Feet 
250 


18 
10 

9 


40 

27 
14 

11 


120 


Total  thickness  of  Todilto  (?)  fbnnation.        249 

Uncoliformity. 

Wingate  sandstone:  Tan  to  reddish-brown  sand- 
stone,  chiefly  in  unbroken  cliff.  Large-scale 
cross- l)edding 366 


Unconformity  (?). 
Chinle  formation: 

Alternating  layers  of  hard  fine-grained  sand- 
stone and  pink  sandy  shale 14 

Pink  shale,  with  a  few  layers  of  gray  sandstone.  22 

Gray   conglomeratic   sandstone,    with   small 
pebbles  of  chert  and  hard  sandstone 2 

Heavy  bed  of  line-grained  pink  sandstone, 
loosely  cemented 8 

Varicolored  calcareous  shale,  with  a  few  sand- 
stone layers 40 

Cross- bedded  gray  sandstone,  conglomeratic  at 
base;  contains  silicified  logs 6 

Pink  and  yellow  calcareous  shale,  sandy  near 
top 17 

Hard  gray  limestone ,  containing  chert  nodules.  2 

lenticular  layers  of  gray  sandstone  with  part- 
ings of  shale 10 

Pink  and  yellow  gritty  shale 20 
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Chinle  formations-Continued.  Feet. 

Gray  and  lavender  ''marl"*'  beds,  jointed 34 

Croes-bedded  gray  and  lavender  sandstone. . .  15 

Massive  fine-grained  sandstone,  rich  with  cal- 
cium   carbonate    and    containing    cherty 

nodulee 6 

Brick-red  gritty  shale,  with  layers  of  gray 

sandstone 28 

Pink  and  gray  calcareous  shale  or  "marl,"  ap- 
pearing massive 80 

Gray  and  purplish  sandy  shale  in  thin  beds ...  16 

Total  thickness  of  Chinle  formation 320 

Shinarump  conglomerate:    Coarse     conglomeratic 

massive  and  cross-bedded  sandstone  with  lenses 

of  conglomerate;  abundance  of  silicified  logs; 

plain  impressions  of  plants  on  bedding  surfaces. 

Forms  vertical  cliff 60-120 

Unconformity. 

Moenkopi  formation:  Greenish  shale  immediately 

below  unconformity.    Forms  slope. 

SecHan  of  CMnlc  formation  at  north  end  of  prominent  Wxri- 
gaU-capped  outlier  west  of  South  Fork  of  Silver  Falls 
Creek,  in  the  Circle  Cliffs. 

[Measured  by  R.  C.  Moore.] 

Feet. 
Wingate   sandstone:  Reddish-brown    fine-grained 

cross-bedded,  very  massive  sandstone,  forming 

single  vertical  wall;  prominently  jointed;  basal 

few  feet  horizontally  bedded  in  thin  layers,  with 

ripple  marks  measuring  about  6  inches  from  crest 

to  crest;  thickness  estimated 250 

Chinle  formation: 

Soft  limestone,  lavender  mottled  with  light 
greenish  blue,  weathering  in  very  irregular 
fragments;  partly  covered  with  debris;  upper 
part  oxidized  and  stained  to  dark  purple 
beneath  Wingate  sandstone  and  along  joints .  5 

Light-bluish  conglomerate,  mostly  rather  fine- 
grained; pebbles  consist  almost  entirely  of 
limestone  like  the  associated  limestones  of 
the  Chinle  formation,  but  there  are  some 
flint,  quartz,  and  ironstone  pebbles  as  much 
as  1}  inches  in  diameter;  upper  part  grades 
into  very  coarse  limestone  grit,  with  lines 
and  lenses  of  fine  conglomerate;  very  mas- 
sive; crops  out  in  prominent  bench 28 

Soft  shaly  limestone,  light  greenish  blue  and 
lavender,  mottled;  contains  locally  harder 
limestone  in  beds  6  to  10  inches  thick  which 
project;  this  di\d8ion  weathers  in  a  slope. . .  70 

Very  hard  dense  fine-grained  limestone,  light 
bluish  in  lower  part  ^sath  mottling  of  lavender, 
massive  and  uniform;  locally  contains  calcite 
crystals;  except  for  lower  part,  which  is  some- 
what softer,  this  bed  forms  prominent  cliff, 
which  in  places  overhangs 6 

Light-blue  hard  calcareous  shale;  forms  land- 
slide slope 15 

Argillaceous  limestone,  impure,  mottled  light 
greenish  blue  and  lavender;  weathers  in  small 
angular  fragments  but  forms  at  outcrop  a  mas- 
sive vertical  ledge;  grades  upward  and  down- 
ward into  hard  calcareous  shale 3 


Chinle  formation — Continued.  p«et. 

Light-blue  hard  calcareous  shale;  forms  slope. .      14) 

Hard  dense  nodular  limestone,  mottled  light 
greenish  blue  and  lavender;  weathers  in 
small  irregular-shaped  fragments;  grades  im- 
perceptibly into  shale  above  and  below; 
forms  bench 8 

Hard  calcareous  light-blue  shale,  forming  slope.     38 

Light-bluish  shaly  soft,  very  micaceous  sand- 
stone, grading  into  sandy  shale 59) 

Light-bluish  to  brown  limestone  conglomerate, 
containing  pebbles  of  limestone  and  chert  3 
inches  or  less  in  diameter;  grades  into  coarse 
limy  sandstone 2) 

Yellowish-brown  hard  sandy  shale  grading  to 
ash-gray  and  lavender  shale 53 

(irayish-blue  to  lavender  calcareous,  highly 
micaceous  sandstone,  grading  upward  into 
soft  massive  cross-bedded  sandstone;  lower 
part  weathers  in  thin  platy  fragments 35) 

Purple  shale,  grading  upward  into  yellow  and 
blue  shale;  sandy,  especially  in  lower  part; 
contains  abundant  mica;  weathers  in  rounded 
slopes 13 

Brownish-gray  thinly  laminated  to  platy  sand- 
stone, weathering  dark  brown;  lower  part 
locally  conglomerate,  containing  pebbles  of 
ironstone  and  jasper  as  much  as  1  inch  in 
diameter 5-6 

Sandy  shale;  upper  part  weathers  to  shades  of 
lavender  and  purple;  lower  part  darker;  the 
proportion  of  sand  increases  toward  the  top; 
contains  satin  spar,  crystals  of  gypsum,  and 
mam  miliary  concretions  of  ironstone  with 
crystalline  calcite;  weathers  in  rounded 
slopes 91) 

Brown  thin-bedded  flaggy  sandstone,  grading 
laterally  to  burnt  sienna  slaggy  ironstone, 
containing  nodules  of  limonite;  this  bed 
forms  a  bench  that  weathers  irregularly  in 
crumbly  fragments 2 

Hard  calcareous  sandy  shale,  light  greenish 
blue  predominant  in  variegated  coloring; 
weathers  in  rounded  badland  slopes 25 

Total  thickness  of  Chinle  formation 474 

Shinarump  conglomerate:  Grayish-brown  irregu- 
larly bedded  massive  sandstone,  showing  thin 
cross  lamination:  some  of  the  weathered  surfaces 
are  dark  brown  or  black  on  account  of  a  surface 
deposit  of  iron  oxide;  contains  bluish  sandy  shale 

in  middle  part 86 

Moenkopi  formation. 

Section  of  Kaibab  limestone  west  of  The  Peaks ^  in  the  Circk 

Cliffs, 
[Measured  by  R.  C.  Moore.] 

Moenkopi  formation. 

Kaibab  limestone :  Fett 
Yellow  dolomitic  limestone  in  massive  evenly 
bedded  ledges;  weathers  in  large  angular 
blocks  pitted  by  solution;  part  contains 
numerous  dendrites  of  manganese  oxide  and 
concretions  of  a  mineral  resembling  wad; 
contains  fossils;  forms  resistant  cap  of  promi- 
nent bench ^ 
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Kiabab  limestone — Continued.  Feet. 

Lig^t-yellow  soft  dolomitic  maasive  limeetone, 
filled  with  ang;ular  fragments  of  chert; 
weathers  in  smooth  slope;  exposed 15 

Soft  light  creamy-yellow  thin  to  medium 
bedded  limestone;  weathers  in  slope;  partly 
concealed 37 

White  very  sandy  limestone,  rounded  sand 
grains  scattered  rather  evenly;  more  lime 
than  sand;  weathers  in  thick  ledges 34 

White  medium  to  coarse  grained  massive  sand- 
stone; rounded  quartz  grains  in  a  lime 
matrix 19 

White  very  sandy  limestone,  rounded  sand 
grains  scattered  rather  evenly;  more  lime 
than  sand;  weathers  in  thick  ledges;  forms 
bench 21 


Total  thickness  of  Kaibab  limestone 163 

Coconino  (?)  sandstone:  White  medium  to  coarse 
grained  moderately  soft  massive  sandstone; 
rounded  quartz  grains  in  a  lime  matrix;  breaks 
into  irregular  blocks  on  weathering ;  exposed 73 

Seetum  of  lower  heda  in  front  of  Kaiparowits  Plateau  ^  soiUh 
of  Temnile  Spring,  about  15  miles  southeast  of  Escalant^, 
in  middle  part  ofyec.  4y  T.  37  S.,  R.  4  E, 

[Measured  by  R.  C.  Moore.] 

Feet. 

'^Tununk  shale":  Bluish  sandy  shale,  grading 
downward  into  soft  fossiliferous  sandstone 400+ 

Dakota  (?)  sandstone:  Conglomeratic  buff  to  almost 
white  coarse  to  medium  grained  sandstone,  con- 
taining lenses  of  conglomerate  with  pebbles  as 
much  as  3  inches  in  diameter;  irregularly  cross- 
bedded;  forms  cliff  and  prominent  bench 90 


McElmo  formation: 

Red  and  light-brown  sandy  shale,  interbedded 
with  sandstone  of  similar  color;  forms  slope 
partly  concealed 55 

Light-brown  and  yellow  fine-grained  sandstone, 
cross-bedded  in  part;  occurs  in  massive  layers 
and  forms  bench 70 


Total  thickness  of  McElmo  formation. . .   125 


**  Varicolored  shales  and  sandstones '' : 

Red  and  gray  shale  and  sandstone,  interbedded ; 

mostly  covered 12 

Red,  gray,  and  drab  sandstone  and  sliaie,  in 
thin  alternating  beds;  considerable  variation 

in  color  and  texture 60 

Yellow  and  buff  soft,  very  massive  sandstone; 
weathers  in  smooth  round  slopes,  locally  with 
caves  and  shallow  depressions  at  outcrop 300-f- 


Partial  thickness  of  * '  varicolorec^l  shales 
and  sandstones  " 372 


Section  on  Halls  Creek  about  8  miles  above  its  movJth, 

[Measured  by  R.  C.  Moore.] 

Feet. 
McElmo  formation:  Reddish-brown  and  light  green- 
ish-gray massive  hard,  irregularly  bedded  con- 
glomeratic sandstone;  forms  prominent  escarp- 
ment; thickness  reiluced  by  erosion 76 

' '  Varicolored  shales  and  sandstones  " : 

Thin-bedded  red  sandstone 123 

Tan-brown  massive  soft  cross-bedded  sandstone, 
weathering  in  smooth  rounded  slopes,  partly 
covered 850 

Total  thickness  of  "varicolored  shales 
and  sandstones  " 973 

**Gypsiferous  shales  and  sandstones" : 

light-red  and  greenish  sandy  shale;  contains 

beds  of  white  sandstone  and  gypsum 90 

Maroon  shale  and  hard  fine-grained  quartzitic 

sandstone;  forms  escarpment 50 

Total  thickness  of  ^'gypsiferous  shales 

and  sandstones  " 140 

Navajo  sandstone:  White  medium-grained  very 
massive  cross-bedded  sanstone;  forms  prominent 
ridge 600-f 

Section  across  Waterpocket  Fold  near  soiUhioest  comer  of  T. 
32  S,yR,8  E,,  at  Bitter  Creek  divide,  head  of  Halls  Creek: 

[Measured  by  R.  C.  Moore.] 

Feet. 

Masuk  sandstone:  Light-yellow  massive  sandstone, 
weathering  yellowish  brown;  forms  very  promi- 
nent escarpment;  in  lower  part  grades  into 
meditmi-bedded  sandstone 297 

"Masuk  shale":  Yellowish-brown  to  drab  sandy 
shale;  upper  part  contains  beds  and  lenses  of  soft 
sandstone;  forms  slope  beneath  escarpment  of 
sandstone  above 700 

Blue  Gate  sandstone:  Yellow  to  light-brown  me- 
dium to  massively  bedded  sandstone  forming  pre- 
cipitous cliff;  locally  contains  lignite 230 

"Blue  Gate  shale":  Bluish-drab  sandy  shale,  very 
uniform  in  color  and  texture;  upper  part  grades 
into  soft  shaly  sandstone 1, 200 

Tununk  sandstone:  Yellowish-brown  medium  to 
massively  bedded  sandstone 50-75 

"Tununk  shale":  Bluish-drab  sandy  shale,  uniform 
in  color  and  texture;  includes  very  fossiliferous 
thin  yellow  sandstone  at  base 975 

Dakota  (?)  sandstone:  Light- yellow  soft  irr^ularly 
bedded  sandstone,  grading  upward  into  sandy 
shale;  contains  two  thin  beds  of  impure  lignite 
9  and  20  inches  thick 15 

McElmo  formation: 

Grayish-blue,  maroon,  and  purple  banded  aoft 
sandy  shale,  weathering  in  valleys  and  bad- 
lands       415 
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McElmo  formation — Continued.  Foet. 

Grayish- white  to  light  bluish -green  conglomer- 
ate and  sandstone;  contains  pebbles  as  much 
as  2  inches  in  diameter;  consists  in  part  of 
thick  beds  and  lenses  of  (^oarse  (conglomerate 
and  in  part  of  coarse  gritty  very  irregularly 
bedded  sandstone 150 

Total  thickness  of  McElmo  fonnation  . . .       503 

** Varicolored  shales  and  sandstones*': 

Red  and  gray  banded  sandy  shale  grading  to 
soft  thin-bedded  sandstone IK) 

Tan-brown  massive  soft  (!ros8-be<lde<l  sandstone, 
weathering  in  smooth  rounded  surfaces 260 

Reddish-brown  and  bluish-gray  ver>'  soft  shaly 
sandstone,  weathering  readily,  forming  val- 
ley; partly  covered 470 

Tan-brown  massive  soft  cro8s-l)edde<l  fine- 
grained  sandstone,  weathering  in  smootli 
rounded  surfaces 340 

Total  thickness  of  *S'aricolore<l  shales 
and  sandstones  " 1 ,  UJO 

''Gypsiferous  shales  and  sandstones/' 

Light-red  and  bluish-gray  shale  and  sand- 
stone; gray  to  white  sandstone  in  alternat- 
ing beds;  contains  several  beds  of  bluish  to 
white  gypsum  as  much  as  3  feet  thick;  the 
gypsum  occiun  also  in  numerous  thin  veins. .  400 
Dark  to  light  red  sandy  shale,  containing  two 
beds  of  very  hanl  reddish  and  light  green 
mottled  dense  siliceous  massive  and  flaggy 
limestone  that  fonns  escarpments 50 

Total  thickness  of  "gypsiferous  shales 
and  sandstones  " 450 

Navajo  sandstone:  WTiite  to  very  light  cream- 
colored  sandstone,  locally  stained  light  orange- 
red  in  middle  and  lower  parts;  capped  by  bed  of 
coffee-brown  sandstone,  10  feet,  and  light  tan, 
highly  cross-bedded  sandstone,  8  feet.  Very 
massive,  highly  cross-bedded  on  large  scale;  the 
cross-beds  are  etched  in  reli«»f  by  weathering; 
crops  out  in  high,  prominent  "reef"  whose  sur- 
face is  marked  by  numerous  conical  tepees, 
mosques,  and  rounded  domes 1 ,  400 

Todilto  (?)  formation:  Dark-red  to  mar(X)n  cross- 
bedded  sandstone,  medium  to  coarse  grained, 
thin  to  medium  bedded;  some  beds  hard,  others 
soft;  bedding  very  irregular;  locally  contains  soft 
maroon  sandy  shale;  thickness  in  part  estimated.       160 

Wingate  sandstone:  Red  v(»ry  massive  hard  fine- 
grained sandstone,  of  \miform  color  and  t<?xture, 
cross-bedde<l  but  be<l(ling  not  prominent,  much 
jointed;  crops  out  as  single  ledge  making  a  ver- 
tical cliff  or  palisade 340 

Chinle  formation: 

Light-bluish  hard  calcareous  sliale,  mottled 
with  lavender;  upper  part  stained  purple; 
weathers  in  rough  angular  blocks;  forms 
slope 48 


Chinle  formation — Continued. 

Massive  light  greenish-blue  limestone  con- 
glomerate, composed  of  pebbles  of  lime- 
stone, quartz,  jasper,  and  sand  in  a  lime 
matrix 2 

Alternating  beds  of  light  bluish-green  lime- 
stone and  sliale,  mottled  ndth  lavender;  the 
I  shale  is  hard  and  calcareous,  forms  slopes, 
and  grades  without  demarcation  into  lime- 
stones that  are  nodular,  hard,  and  massive 
and  fonn  projecting  ledges 146 

Sandy  sliale  and  sandstone,  yellowish  brown, 
yellow,  dark  brown,  blue,  puri>le,  and  ash- 
gray,  dark  tones  predominating;  sandstone  in 
part  soft  and  massive,  in  part  hard,  dense, 
cross-bedded,  and  forming  projecting  ledges, 
locally  conglomeratic 304 


Total  thickness  of  Chinle  formation 500 

Shinarump  conglomerate:  llard  very  massive,  ir- 
regularly be<lde<l  light  bluish-gray  to  white 
sandstone,  weathering  yellowish  white  locally; 
forms  prominent  escarpment;  at  this  place  thick- 
ness rangc»H  from  40  to  110  feet  within  a  short 

distance,  average CO 

Moenkopi  formation:  Thin  to  mediimi-bedded 
rif)[)le-marked  micaceous  sandstone;  weathers  in 
slopes  and  projecting  ledges;  base  not  exposed. . .  250-f- 

Section  of  Shinarump  conglomeraU  and  upper  pari  of 
Moenkopi  fonnation  on  xvest  side  of  CircU  Cliffs  between 
Horse  Creek  and  the  Peaks. 

[Meftstired  by  R.  C.  Moore.] 

Shinarump  conglomerate:  Feet. 

Light-gray  coar8e-graine<l  very  massive  sand- 
stone, fomiing  almost  unbroken  vertical- 
faced  escarpment;  weathers  in  large  angular 
blocks.  .* 30-60 

Massive  cross-bedded  light  bluish-gray  sand- 
stone, mottled  and  streaked  along  irregular 
joints  with  purple;  grades  upward  without 
demarcation  into  sandv  limestone;  weathers 
in  single  massive  bed  softer  than  overlying 
sandstone  and  therefore  forming  a  reentraat 
in  the  cliff;  upper  surface  uneven 16 


Moenkopi  fonnation: 

Chocolate-brown    very    sandy    shale,    grading 

into  shaly  sandstone;  more  calcareous  above.         7 
Chocolate-brown    thin-bedded    ripple-marked 

and  cross-laminated  sandstone , 3 

Chocolate-brown  very  micaceous  sandy  shale, 

grading  into  thin  slialy  sandstone 5 

Chocolat^vbrown  liard  slialy  to  platy  sandstone; 

forms  slight  projecting  ledge 1 

Brown  sandy  shale,  grading  into  thin  shaly 

sandstone;  weathers  as  slope 8 

Chocolate- brown  hard  platy  sandstone,  forming 

a  Iwlge 1 

Ch(x;olato-hrown    sandy    shale,    grading    into 

shaly  sandstone 22} 
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Moenkopi  formation — Continued.  Feet. 

Chocolate-brown  thin-be<lded  ripple-marked 
laminated  sandstone,  locally  weathering 
massive  and  forming  a  prominent  projecting 
ledge 5 

Chocolate-brown  sandy  micaceous  shale  with 
thin  seams  and  beds  of  soft  sandstone;  in 
upper  part  contains  thin  beds  of  shaly 
sandstone 4Gi 

Light  greenish-gray  platy  fine-grained  mica- 
ceous sandstone,  with  large  asymmetrical 
ripple  marks;  produces  a  slight  bench J 

Chocolate-brown  sandy  micaceous  shale,  con- 
taining abundant  thin  beds  of  shaly  sandstone 
which  weathers  in  thin  chips  and  platy  slabs; 
weathers  in  gentle  rounded  slope 27 

Brown  very  micaceous  ripple-marked  sand- 
stone, with  thin  light-gray  bands,  platy  with 
thin  sliale  beds  between  harder  layers;  top 
layer  very  hard  and  slabby 2J 

Chocolate-brown  sandy  shale,  with  thin  yellow 
and  brown  sandstone  beds  tliat  make  slight 
benches 

Light-yellow  very  massive  liard  sandstone; 
forms  projecting  wall 

Light-yellow  massive  sandstone,  weathering  in 
thin  plates;  grades  into  slialy  sandstone; 
forms  bench 

Chocolate-brown  sandy  micaceous  shale 

Light-yellow  massive  sandstone;  locally  stained 
red  on  outcrop;  grades  locally  into  shaly  or 
thin-bedded  sandstone;  forms  prominent 
bench 160 

Yellow  very  shaly  sandstone,  grading  to  sandy 
shale 5 

Yellow  calcareous  micaceous  sandstone,  mas- 
sive but  thinly  laminated,  with  ripple  bed- 
ding; grades  to  shaly  sandstone 4 


5G 


r)0 


12 
40 


Partial  thickness  of  Moenkopi  formation 
(Top  of  Kaibab  limestone  25  to  40  feet  below.) 


456 


Sectvm  of  Moenhojn  formation  in  canyon  north  of  The  PeaH, 
northwest  of  Wagonbox  Mesa,  in  the  Circle  Cliffs, 


[Measured  by  R.  C.  Moore.] 


F^et. 


Shinarump  conglomerate:  Gray  medium  to  fine 
grained  massive  sandstone,  weathering  yellowish 
in  part,  locally  conglomeratic;  weathers  in  large 
angular  blocks;  outcrop  forms  prominent  cliff.. .  50-150 
Moenkopi  formation:  * 

Maroon  sandy  shale  grading  into  yellow  shale 
in  upper  15  feet,  with  many  paper-thin 
sandstone  layers 50 

Yellow  fine-grained  soft  sandstone;  weathers 
rather  shaly 3 

Maroon  shale  with  thin  shaly  sandstone 39 

Buff,  brown,  and  gray  fine-grained  sandstone, 
in  layers  1  to  4  inches  thick 8 

Yellowish-brown  sandy  shale 26 

Pink  to  maroon  sandstone,  thin  bedded,  with 
a  few  massive  layers  as  thick  as  16  inches  at 
intervals;  interbedded  with  very  sandy 
shale;  upper  part  yellow-brown 48 

Fine-grained  hard  gray  and  light-pink  sand- 
stone, weathering  brown  and  light  gray; 
weathers  in  beds  2  to  12  inches  thick,  but 
in  fresh  exposures  beds  appear  very  massive; 
upper  part  more  reddish  than  lower;  ordi- 
narily well  exposed 

Red  sandstone,  with  thin  sandy  shale  inter- 
bedded, medium  to  massive  bedding 

Very  thin  bedded  platy  light-brown  and  yel- 
low to  pink  sandstone,  weathering  reddish 
brown;  abundant  ripple  marks;  grades  lo- 
cally into  shale;  forms  slopes 36 

Pink  to  re<l  sandy  shale,  containing  thin  beds 
of  platy  sandstone :  weathers  in  slopes 


Total  thickness  of  Moenkopi  formation . . 
Kaibab  limestone:  Deep-yellow  to  buff  very  hard 
fine-grained  dense  dolomitic  limestone,  in  mas- 
sive beds  3  to  6  feet  thick;  weathers  in  large 
angular  blocks;  forms  prominent  bench;  exposed 
thickness 


42 


31 


21 
304 
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A  NEW  FAUNA  FROM  THE  COLORADO  GROUP  OF  SOUTHERN  MONTANA. 


By  John  B.  Reeside,  Jr. 


INTRODUCTION. 

This  paper  describes  a  small  but  interesting 
fauna  collected  in  1921  by  W.  T.  Thorn,  jr., 
Gail  F.  Moulton,  T.  W.  Stanton,  and  K.  C. 
Heald  in  the  Crow  Indian  Reservation  in 
southern  Montana.  The  locality  is  in  sec.  36, 
T.  6  S.,  R.  32  E.,  Big  Horn  County,  and  is  2 
miles  east  of  the  Soap  Creek  oil  field. 

The  stratigraphic  section  in  the  Soap  Creek 
oil  field  was  described  briefly  by  Thom  and 
Moulton  in  a  press  notice  issued  by  the  United 
States  Geological  Survey  December  5,  1921, 
entitled  "The  Soap  Creek  oil  field.  Crow  Indian 
Reservation,  Mont."  It  was  described  also  in 
a  later  and  more  general  paper.^  The  youngest 
beds  present  near  the  oil  field  belong  to  the 
Niobrara  formation,  but  in  the  adjacent  parts 
of  the  Crow  Reservation  to  the  east  and  north 
higher  formations  are  present  and  are  in  part 
included  in  the  section  given  below.  The  part 
of  the  section  from  the  Cloverly  formation  to 
the  Niobrara  formation,  inclusive,  is  derived 
from  the  publications  mentioned  above  and 
from  data  kindly  supplied  by  Mr.  Thom.  The 
thicknesses  given  for  the  Eagle  sandstone  and 
the  Telegraph  Creek  formation  apply  especially 
to  the  vicinity  of  Pryor  Creek,  some  30  miles 
north  of  the  Soap  Creek  oil  field.  The  included 
lists  of  fossils  are  based  on  the  writer's  deter- 
minations. 

Partial  section  of  formations  exposed  in  the  Crow  Indian 

Reservationf  Mont. 

Feet. 

Eagle  sandstone 200-250 

Sandstones  and  some  shales;  at  base  the  massive 
Yiigelle  sandstone  member.  This  formation  con- 
tains Scaphites  hippocrepis  (Dekay),  Scaphites  n. 
sp.  aff.  S.  aquisgranensis  Schlueter,  Inoceramus 
aff.  J.  lobatus  Goldfuss,  Placenticeras  syrtale  (Mor- 
ton), Placenticeras  meeki  Boehm,  Placenticeras 
planum  Hyatt,  Baculites  ovatus  Say,  Baculites 
asper  Morton,  Baculites  n.  sp.  aff.  B.  anceps 
Lamarck,  and  many  other  fossils. 

1  Thom,  W.  T.,  jr.,  OU  and  gas  prospects  in  and  near  the  Crow  Indian 
ReBcrvatlon,  Mont.:  U.  S.  Qed.  Survey  Bull.  736,  pp.  35-53,  1922 
(Bull.  73&-B). 


jreec* 
Tel^raph  Creek  formation 320-360 

Sandstones  and  shales.  This  group  of  beds  con- 
tains at  places  in  the  upper  part  a  fauna  like  that 
of  the  Eagle  sandstone,  but  in  the  lower  beds  it 
contains  Uintacnnus  sp.,  Marsupites  sp.  (identi- 
fied by  Frank  Springer),  Inoceramus  deformis 
Meek  var.,  Ostrea  cf.  0.  congesta  Conrad,  Baculites 
sp.,  Puzosia  {Latidorsella)  n.  sp.,  and  Scaphites  n. 
sp.  aff.  S.  geinitzi  D'Orbigny. 
Niobrara  formation  (top  formation  of  Colorado 
group) 400 

Bluish  calcareous  shale  in  upper  and  lower 
parts;  dark  shale  in  middle.  In  the  upper  part  it 
contains  Uintacrinus  sodalis  Grinnell  (identified 
by  Frank  Springer),  Yoldia  sp.,  Inoceramus ^  laige 
thick-shelled  species,  Ostrea  congesta  Conrad, 
Lunatia  condnna  (Hall  and  Meek),  Tessarolax  cf. 
T.  hitzi  White,  Baculites  sp.,  Scaphites  vermi- 
formis  Meek  and  Hayden,  and  fish  scales.  In  the 
middle  part  it  contains  Inoceramus  aff.  I.  kmuarchi 
Parkinson,  Inoceramus  unibonatus  Meek  and  Hay- 
.  den,  Inoceramus,  laige  thick-shelled  species, 
Pteria  aff.  P.  nebrascensis  (Evans  and  Shumard), 
Anatina  aff.  A.  suhgradlis  (Whitfield),  Veniella 
goniophora  Meek,  Cardium  n.  sp.,  Fusus  sp.,  Volu- 
toderma  sp.,  Baculites  aff.  B.  anceps  Lamarck, 
Baculites  asper  Morton,  Scaphites  vermiformis  Meek 
and  Hayden.  In  the  lower  part  it  coi^tains 
Inoceramus,  large  thick-shelled  species,  Ostrea 
congesta  Conrad,  and  the  basal  bed,  a  zone  of  large 
yellow  concretions,  contains  Yoldia  sp.,  Nemodon 
sp.,  Barbatia  n.  sp.,  Inoceramus  fragUis  (Hall  and 
Meek)?,  Inoceramus  {Actirwceramus)  n.  sp.,  Veni- 
ella goniophora  Meek,  Callista  tenuis  (Hall  and 
Meek),  Corbula  cf.  C.  rumatophora  Meek,  Denta- 
lium  sp.,  Gyrodes  aff.  O.  petrosa  (Morton),  Turri- 
tella  aff.  T.  whitei  Stanton,  Anchura  sp.,  Nautilus 
sp.,  Baculites  sp.,  and  Scaphites  vermiformis  Meek 
and  Hayden. 
Carlile  shale 426 

This  formation  may  be  di\ided  into  a  number  of 
units  as  follows:. 

Dark  shale  with  whitish  septarian  nodules  con- 
taining Inoceramus  labiattis  (Schlotheim),  Ve- 
niella goniophora  Meek,  Corbula  aff.  C  nerruUo- 
phora  Meek,  Pseudomelaniaf  sp.,  Fusus  sp., 
Prionocyclus  wyomingensis  Meek.  Thickness  50 
feet. 

Zone  of  large  yellowish  sandstone  concretions. 
Thickness  5  feet. 

Dark  shale.    Thickness  35  feet. 

Shale  with  thin  hard  rusty  red  concretions  and 
layers  containing  Inoceramus  fragUis  Hall  and 
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Feet. 
Meek,  Jtioceramus  cf.  /.  laniarcH  Parkinson, 
Veniella  sp.,  Volutodermaf  sp.,  Baculites  gracilis 
Shumard,  Scaphites  warreni  Meek  and  Hay  den, 
Prionotropis  aff.  P.  woolgari  (Mantell) .  Thickness 
30  feet. 

Dark  shale.    Thickness  60  feet. 

Bluish  calcareous  shale  containing  in  its  lower 
part  the  fauna  described  in  this  paper.  Thick- 
ness 100  feet. 

Dark  shale  and  bentonite.    Thickness  145  feet. 
Frontier  formation 410 

Chiefly  dark  shale  with  bentonito  but  with  a 
zone  of   thin    coarse    sandstones  near   the  top. 
Shark  teeth  the  only  fovssils  observed. 
Mowry  shale ' 200-300 

Hard  bluish-white  shale  with  layers  of  hard  dark 
shale.    Contains  abundant  fish  remains  but  few 
other  fossils. 
Thermopolis  shale 550-800 

Dark  marine  shale  with  streaks  and  lenses  of 
light-colored  sandstone  containing  Inoceramus 
labiattLS  (Schlotheim),  Pteria  aff.  P.  nebrascensis 
(Meek  and  Hayden),  Ostrea  sp.,  Entolium sp.,  Mo- 
diola  n.  sp.,  Gyrodes aff.  G.  depressa  Meek,  fish  and 
turtle  remains.  Middle  part  of  formation  of  dark 
clay  and  bentonite ;  lower  part  of  dark  marine  shale. 
Cloverly  formation 320-^25 

An  upper  member  of  sandy  shale  and  thin-bed- 
ded rusty  sandstone  that  may  represent  the 
Dakota  sandstone  of  Upper  Cretaceous  age. 

A  middle  member  consisting  of  variegated  shale 
where  exposed  along  the  Big  Horn  Mountains  and 
containing  Unio  sp.  and  Viviparusf  sp.  and  a 
basal  member  of  thick  coarse-grained  conglom- 
eratic sandstone.  These  di\d8ion8  may  repre- 
sent the  Fuson  shale  and  Lakota  sandstone,  of 
Lower  Cretaceous  age. 

THE  FAUNA  AND  ITS  RELATIONS. 

,The  collection  described  in  this  paper  con- 
tains  five  species   of   ammonites   referred   to 
three  genera,   two  species  of  Inoceramus,  an 
ostreid,  and  a  gastropod. 
The  species  are  as  follows: 

Vascoceras  thomi  Reeside,  n.  sp. 
Vascoceras  moultoni  Keeside,  n.  sp. 
Vascoceras  stantoui  Reoside,  n.  sp. 
Vascoceras  sp.  undeterminable. 
Pseudotissotia  (Choffaticeras )  sp.? 
Helicoceras  pariense  WTiite? 
Inoceramus  labiatus  (Schlotheim). 
Inoceramus  sp.  undetermined. 
Ostrea  or  Exogyra  sp. 
Gastropod,  imdetermined. 

This  fauna  is  known  from  only  this  one 
locality  in  the  Western  Interior  province  of 
North  America,  and  consequently  its  correla- 
tion must  rest  in  largo  part  on  its  position  with 
relation  to  other  faunal  zones  in  the  same 
stratigraphic    section    and    in    the    adjacent 


region.  It  is  therefore  of  interest  to  consider 
some  of  the  faunal  zones  recognizable  in  the 
Cretaceous  deposits  of  this  province. 

A  series  of  more  or  less  widespread  and  more 
or  less  distinctly  defined  faunal  zones  have 
long  been  recognized  in  the  Cretaceous  de- 
posits of  the  Western  Interior.  The  lowest 
zone  to  be  considered  here  is  well  characterized 
only  in  the  southern  part  of  the  province,  where 
it  contains  Exogyra  colunibeUa  Meek  and 
Gryphaea  ne wherry i  Stanton  as  its  guide  fossils. 
This  zone  includes  the  Graneros  shale  of  the 
central  Great  Plains,  the  basal  part  of  the 
Mancos  shale  of  New  Mexico,  Colorado,  and 
Utah,  and  the  Thermopolis  shale  of  the  north. 
At  many  places,  especially  in  the  north,  it  is 
nearly  barren  of  fossils,  and  those  present  are 
not  sufficiently  restricted  to  serve  as  guide 
fossils. 

Above  this  zone  occurs  a  zone  with  an 
abundance  of  Inoceramus  labiaius  (Schlotheim). 
In  the  central  Great  Plains  region  this  zone  is 
contained  in  the  Greenhorn  limestone,  and 
very  few  other  fossils  than  the  guide  fossil 
have  been  found  in  it.  In  western  Colorado 
and  the  adjacent  region  it  is  well  marked  in 
the  lower  part  of  the  Mancos  shale.  It  occurs 
in  southern  and  central  Wyoming  in  the 
Frontier  formation  and  in  northern  Montana 
in  the  lower  part  of  the  Colorado  shale. 

Above  this  zone  of  Inoceramus  labiatus  lies  a 
zone  which  contains  as  its  more  prominent  and 
restricted  species  Scaphites  uxirreni  Meek  and 
Hayden,  several  species  each  of  Prionotropis^ 
and  Prionocyclus,  Inoceramus  fraffilis  Hall  and 
Meek,  Inoceramus  dlmidins  White,  and  Ostrea 
lugvbris  Conrad.  It  very  rarely  contains 
Inoceramus  lahiaius  (Schlotheim).  This  zone 
is  perhaps  the  most  sharply  defined  and  most 
widely  recof^^nizcd  of  the  series.  It  comprises 
the  entire  Carlile  shale  of  the  central  Great 
Plains  and  Black  Hills  regions,  part  of  the 
Mancos  shale  of  western  Colorado  and  adjacent 
regions,  the  Carlile  shale  of  Wyoming,  and  part- 
of  the  Colorado  formation  of  Montana. 

Above  the  zone  of  Scaphites  warreni  comes  & 
zone  which  contains  Uintaxrinus  socialis  Grin- 
nell,  Inoceramus  umhonaius  Meek  and  Hayden, 
Inoceramus  deformis  Meek,  and,  especially  in 
the  north,  Scaphites  ventricosus  Meek  and 
Hayden  and  Scaphites  vermiformis  Meek  and 
Hayden.  A  very  abundant  and  locally  re- 
stricted form  of  this  zone  is  Ostrea  congesta 


A  NEW  FAUNA  FEOM  THE  COLORADO  GROUP  OF  SOUTHERN  MONTANA. 


27 


Conrad.  Inoceramus  lahiaius  is  reported  in  the 
literature  as  occurring  here  also,  but  it  has  not 
been  found  in  numerous  recent  collections,  and 
its  earlier  assignment  to  the  f aima  of  this  zone 
is  very  probably  due  to  the  erroneous  reference 
of  local  exposures  of  the  Greenhorn  limestone 
to  the  Niobrara  formation  in  Nebraska,  Kansas, 
and  elsewhere  prior  to  Darton's  work  in  that 
region.  In  this  zone  falls  the  Niobrara  for- 
mation of  the  Great  Plains  region,  part  of  the 
Mancos  shale  of  western  Colorado  and  the 
adjacent  regions,  the  Niobrara  formation  of 
Wyoming,  and  the  upper  part  of  the  Colorado 
shale  of  northern  Montana. 

Above  this  zone  of  Uintucrinus  and  Sea- 
pMtes  vermiformis  comes  a  zone  containing 
Scaphites  hippocrepis  (DeKay),  Scaphites  n.  sp. 
aflf.  S.  aquisgranensis  Schlueter,  Placenticeras 
syrtdle  (Morton)  and  its  allies,  Placenticeras 
planum  Hyatt,  and  Inoceramus  aff.  /.  lohatus 
Goldfuss.  In  New  Mexico  this  zone  has 
yielded  also  Mortoniceras  aff.  M.  delawarense 
(Morton).  In  Montana  and  in  southwestern 
Colorado  and  adjacent  parts  of  New  Mexico 
there  is  a  subzone  at  the  base  of  this  zone  which 
lacks  Scaphites  hippocrepis  and  Scaphites  aff. 
S,  aquisgranensis  but  which  contains  Scaphites 
n.  sp.  aff.  S.  geinitzi  D'Orbigny  as  its  most 
distinctive  form.  The  zone  of  Scaphites  hip- 
pocrepis is  represented  by  the  Eagle  sandstone 
and  Telegraph  Creek  formation  of  southern 
Montana,  part  of  the  Cody  shale  of  northern 
Wyoming,  part  of  the  Steele  shale  of  central 
and  southern  Wyoming,  and  the  upper  part 
of  the  Mancos  shale  of  southwestern  Colorado 
and  adjacent  New  Mexico.  Presumably  the 
basal  part  of  the  Pierre  shale  of  the  central 
Great  Plains  and  Black  Hills  regions  represents 
this  zone,  though  the  distinctive  species  have 
not  been  found  in  it  except  in  northeastern 
New  Mexico.  Above  the  zone  of  Scaphites 
hippocrepis  other  faunal  zones  may  be  recog- 
nized but  will  not  be  described  in  this  paper. 

The  stratigraphic  section  at  the  Soap  Creek 
oil  field  and  in  the  adjacent  country,  as  shown 
in  the  section  given  on  page  25,  has  afforded 
enough  paleontologic  data  to  determine  the 
relative  position  of  the  fossils  described  in  this 
paper.  The  beds  containing  the  fauna  include 
the  highest  bed  in  which  hioarumus  labiatus 
occurs  abundantlv  and  lie  immediately  beneath 
beds  with  the  chaiacteristic  fauna  of  the  zone  of 
Scaphites  warreni.     They  are  therefore  to  be 


correlated  with  at  least  the  upper  part  of  the 
Greenhorn  limestone  of  the  central  Great 
Plains,  though  the  occurrence  of  Inoceramus 
lahiatus  in  beds  some  800  feet  lower  in  the 
section  raises  a  doubt  whether  the  beds  con- 
taining Vascoceras  represent  all  of  the  Green- 
horn limestone  as  developed  at  such  localities 
as  those  in  eastern  Colorado,  where  the  Green- 
horn limestone  contains  the  only  beds  in 
which  Inoceramtis  labiatus  occurs,  is  only  about 
50  feet  thick,  and  is  separated  from  the  Dakota 
sandstone  by  scarcely  200  feet  of  Graneros 
shale.  It  is  possible  that  the  relatively  great 
thickness  of  Graneros  shale  present  in  the 
Black  Hills  region  beneath  the  Greenhorn 
limestone  is  due  entirely  to  greater  deposition 
of  material  to  form  the  shale  without  an  ap- 
preciably greater  lapse  of  time  and  that  the 
Greenhorn  limestone,  which  does  not  change 
much  in  thickness  over  the  whole  region, 
represents  approximately  the  same  time  in- 
terval everywhere.  If  so,  the  beds  containing 
Vascoceras  may  represent  all  the  time  interval 
of  the  Greenhorn  limestone  and  its  equivalents 
in  various  parts  of  the  Western  Interior.  In 
central  Montana  the  Mosby  sandstone  member 
of  the  Warm  Spring  shale  *  occupies  a  position 
in  the  section  sunUar  to  that  of  the  beds  con- 
taining Vascoceras,  Inasmuch  as  the  faunas 
of  the  two  units  have  in  common  only  Ino- 
ceramus labiatus  they  do  not  help  in  deter- 
mining the  relations  between  them.  Perhaps 
the  only  suggestion  offered  is  the  occurrence 
of  Metoicoceras  whitei  Hyatt  in  the  Mosby 
sandstone.  This  species  is  most  abundant 
in  and  most  characteristic  of  the  lower  part 
of  the  Colorado  group  in  southern  Utah  and 
in  New  Mexico  and  may  indicate  that  the 
conditions  which  permitted  the  northward 
extension  of  Vascoceras  as  far  as  southern 
Montana  were  the  same  as  those  which  per- 
mitted Metoicoceras  to  reach  central  Montana 
and  that  the  Mosby  sandstone  and  the  beds 
containing  Vascoceras  represent  the  same  time. 
The  only  other  occurrence  of  Vascoceras  in 
North  America  is  that  at  Cerro  del  Macho,  in  the 
State  of  Coahuila,  Mexico,  described  by  Bose.* 
Here  the  associated  fossils  are  more  numerous, 
though  none  of  the  species  seem  to  be  identical 
with  those  from  Montana,  except  Inoceramus 
labiatus,       Bose  has  given  a  good  sunmiary 

«  U.  S.  Gool.  Survey  BuU.  736,  p.  172, 1922  (BuU.  736-F). 
*  Bose,  Emil,  On  a  new  ammonite  fauna  of  the  lower  Tuiooian  of 
Mexico:  Texas  Univ.  Bull.  1856,  pp.  173-257, 1918. 
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of  the  distribution  of  the  Vascoceras  fauna  and 
of  its  composition  in  all  its  principal  occur- 
rences. The  fauna  in  its  fullest  and  most 
typical  development  contains  species  of  the 
ammonite  genera  Fagesia,  VdscocemSj  Mam- 
mites,  PsevdaspidoceraSy  Neolobites,  Paeudo- 
tiaaotia,  HopliUndeSy  and  Thomasites.  It  is 
the  Salmurian  fauna  of  the  European  geolo- 
gists and  is  widely  distributed  in  the  Mediterra- 
nean region.  It  occurs  in  the  lower  and 
middle  Turonian  of  Portugal;  the  lower 
Turonian  of  Algeria,  Tunis,  and  Egypt;  the 
Turonian  of  the  southern  Sahara  region;  and 
in  Brazil,  Colombia,  Peru,  and  Mexico.  Faunas 
more  or  less  related  though  not  yet  reported 
to  contain  Vascoceras  occur  in  the  Turonian  of 
southern  France,  in  India,  and  in  Japan. 

A  comparison  of  the  f  aunal  succession  in  the 
Western  Interior  province  with  that  in  western 
Europe  suggests  the  following  correlations: 


Western  Interior. 
Zone  of  SeapkUes  Jnppocrepis 


Lower  Santonian. 
Goniacian. 


Europe, 
flower  Campanian. 

[Upper  Santonian. 

Zone  of  UmtaarinuSf  Inoeeramia 
umbonatuSy  and  ScapkiUs  vermi' 
fcrmia. 

Zone  otScaphUe$  toctrreni Upper  Turonian. 

Zone  of  Tnoceramtis  labiatut  (Vcuco- 
(xr(u  at  top  in  Montana) Lower  Turonian. 

Apparently  the  present  occurrence  of  Vasco- 
ceras  would  agree  with  the  accepted  assign- 
ment of  the  other  known  occurrences  to  the 
lower  Turonian.  It  might  be  middle  Turonian, 
if  such  a  unit  were  recognized,  but  scarcely 
younger. 

DESCRIPTIONS  OF  SPEOES. 
Genua  VASCOCEBAS  Choflat. 

Choffat's  original  description*  is  in  part  as 
follows: 

Genua  formed  by  sheUs  more  or  less  thick,  sometimes 
globular,  with  ventral  region  rounded,  ornamented  in 
youth  by  ribs  giving  rise  to  tubercles  on  the  flanks  and 
to  tubercles  or  elongated  swellings  on  each  side  of  the 
siphon.  With  some  rare  exceptions  ( Vascoceras  subcon- 
ciliaium)f  these  lines  of  tubercles  disappear  in  the  adult 
stage,  those  of  the  umbilical  border  persisting  longer,  and 
the  ventral  region,  or  even  all  the  visible  part  of  the  shell, 
is  without  ornamentation. 

The  length  of  the  living  chamber  is  from  one-half  to 
three-foiurths  of  a  whorl. 

The  suture  shows  two  broad,  rounded,  weakly  incised 
saddles,  the  third  saddle  much  less  important  than  it 

*  ChoOat,  Paul,  Les  ammoo^es  du  B^lasien,  des  couches  4  NeolobUes 
vibnpmnut,  du  Turonien,  et  du  Sdnooien:  Faune  crdtacique  du  Portu- 
gal, voL  1,  aer.  2,  p.  53,  1888. 


would  be  if  the  decrease  were  regular.  The  lobes  ate 
broad  and  divided  by  small  saddles,  in  general  not 
incised.  From  the  position  of  these  saddles  the  fint 
lobe  may  be  considered  as  divided  into  two  or  three 
parts.  The  second  lobe  is  either  simple  or  divided  into 
two.    [Translated.] 

ChoflFat  proposed  four  sections  of  the  genus — 
(a)  monotuberculate  forms  with  wide  um- 
bilicus, (6)  subglobular  forms  with  rounded 
umbilical  border,  (c)  globular  forms  with 
angular  or  subangular  umbiUcal  border,  ((0 
multituberculate  forms. 

Pervinquiftre  ^  later  discussed  Vascoceras, 
modifying  somewhat  Choflat's  original  de- 
scription. Pervinquifere^s  description  is  as  fol- 
lows: 

Shell  more  or  less  thick,  sometimes  globular,  with 
ventral  region  rounded,  ornamented,  in  youth,  by  ribe 
bearing  umbilical  tubercles  and  marginal  tuberdes; 
these  tubercles  become  less  distinct  in  the  adult  stage 
(the  umbilical  tubercles  remain  distinct  longer)  and 
even  disappear  completely  except  on  one  group.  There 
is  never  a  median  ventral  tubercle.  Living  chamber 
measuring  three-fourths  of  a  whorl  or  even  more.  •  *  * 
Suture  including  two  broad,  rounded,  little  indsed 
saddles;  the  third  much  smaller.  Lobes  broad  and 
divided  by  small  unindsed  saddles.    [Translated.] 

Pervinquidre  recognizes  only  three  sections 
of  the  genus:* 

1.  Group  of  V.  gamai  and  of  V,  d<mmlUi^htrandi. 
Monotuberculate  forms  with  wide  umbilicus  in  the  fint 
species  and  more  restricted  in  the  second.  There  is 
every  intermediate  form  between  the  two,  as  regards  both 
general  form  and  the  greater  or  lesser  rounduig  of  the 
umbilical  shoulder. 

2.  Group  of  V.  harUi/ormis,  Globular  forms,  with 
the  umbilicus  generally  narrow,  the  umbilical  shoulder 
more  or  less  angular. 

3.  Group  of  V.  subcondliatum.  Multituberculate  fomis, 
departing  notably  from  the  preceding  and  approaddng 
Mammites  and  the  extreme  forms  of  AoarUhoceras. 

Pervinquiftre  points  out  that  Vascoceras 
differs  from  the  nearly  related  genus  Fagesia 
Pervinquiftre  in  general  form,  in  the  much 
earUer  disappearance  of  the  ribs  and  tubercles, 
and  especially  in  the  suture.  The  suture  of 
Fagesia  has  four  slender  lateral  saddles, 
rounded  in  the  upper  part  and  trifid  in  sub- 
division; three  lateral  lobes,  of  which  the  first 
is  profoundly  bifid,  the  second  less  so,  and  the 
third  pointed.  Pervinquiftre  adds,  however, 
that  some  forms  of  Vascoceras  are  diflicult  to 
distinguish  from  Fagesia. 

*  Pervinqui^re,  lAoa,  Etudes  •de  palteatdogie  tnnWwina,  pt.  1, 
Cdphalppodes  des  temlns  seooodaires,  pp.  381-382,  UNKT. 
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The  specimens  in  hand  from  Montana  are  a 
bit  confusing  in  their  relations.  The  general 
form,  except  perhaps  for  the  width  of  the  um- 
bilicus, would  permit  an  assignment  to  Fagesia, 
and  the  proportions  and  degree  of  incision  of 
the  suture  fit  those  of  Fagesia  better  than  those 
of  Vascocerds.  Moreover,  the  umbilical  tuber- 
cles are  prominent,  and  there  are  traces  of  the 
ventral  ribs  in  even  the  largest  specimens. 
The  younger  whorls,  however,  show  distinctly 
the  umbilical  and  ventral  tubercles  of  T  a,<fco- 
ceraSf  the  umbilicus  is  wider  than  shown  in 
most  of  the  figured  specimens  of  Fagesixi,  and 
the  suture  in  every  specimen  examined  shows  a 
pointed  first  and  second  lateral  lobe,  not  bifid. 
The  writer  therefore  assigns  the  specimens  to 
VdscocercLs  rather  than  to  Fagesia^  and  further 
would  place  the  first  two  of  the  species  here 
described  under  Pervinquidre's  section  1  and 
the  third  under  section  2. 

Vascoceras  thomi  Reeside  n.  sp. 

PlateXI,  figures  1-2;  Plate  XII,  figures  1-2;  Plate  XIII, 
figures  1-2;  Plate  XIV,  figures  1-2;  Plate  XV,  figures 
1-7;  Plate  XVI,  figures  1-6. 

Shell  stout,  coronate.  Earlier  whorls  not 
well  shown  in  the  type  specimen  except  for  the 
umbilical  part,  but  apparently  stout.  Wliorls 
above  115-milhmeter  diameter  have  a  moder- 
ately depressed,  oval  cross  section.  Living 
chamber  in  type  occupies  three-fourths  of  a 
whorl  and  is  apparently  incomplete.  Maxi- 
mum diameter  of  type  165  millimeters.  Um- 
bilicus deep  but  fairly  wide — about  one-half 
the  diameter  of  the  shell  in  \\ddth.  Umbilical 
shoulders  rounded  but  well  defined. 

Sculpture  of  earlier  whorls  of  type  specimen 
seen  only  in  the  umbilicus,  where  it  consists  of 
lai^e  blunt  conical  nodes,  seven  to  the  whorl. 
On  the  last  whorl  of  the  type  faint  coarse  ribs 
connect  the  umbilical  nodes  and  a  faint  flatten- 
ing on  the  venter  seems  to  correspond  to  the 
space  between  the  marginal  nodes  of  the 
younger  stages. 

The  suture  shows  a  fairly  broad  ventral  lobe 
and  four  lateral  lobes  and  saddles,  only  mod- 
erately  incised.  The  first  lateral  lobe  is  bluntly 
pointed,  and  the  first  lateral  saddle  is  trilid. 

A  very  large  specimen  (see  PI.  XIII,  figs.  1-2; 
PL  XIV,  figs.  1-2)  assigned  to  this  species  lias 
a  maximum  diameter  of  2(50  millimeters  and 
is  apparently  almost  complete.  Tlie  inner 
whorls  are  poorly  preserved.     The  living  cham- 


ber occupies  three-fourths  of  a  whorl;  the 
aperture  is  not  preserved.  The  suture  of  this 
specimen  has  wider  saddles  than  those  of  the 
suture  of  the  type  but  is  otherwise  like  it. 
The  umbilical  nodes  and  obscure  ventral  ribs 
persist  to  the  end  of  the  specimen. 

A  small  specimen  assigned  to  this  species 
(see  PI.  XV,  figs.  1-7)  shows  the  sculpture  and 
form  of  the  stiiges  following  that  at  the  dia- 
meter of  25  millimeters.  .  The  whorls  to  a 
diameter  of  about  40  millimeters  are  as  high  as 
wide  and  have  strong  rounded  ribs  that  begin 
at  the  umbilical  nodes,  pass  with  a  slight 
forward  curve  to  the  margin  of  the  venter, 
where  they  form  an  elongated,  poorly  defined 
node,  and  then  continue  unbroken  across  the 
venter.  Tvvo  or  three  ribs  start  from  each 
umbilical  node,  and  there  are  some  inter- 
calated ribs.  On  the  half  whorl  from  the 
diameter  of  25  millimeters  to  the  diameter  of 
40  millimeters  there  are  four  umbilical  nodes 
and  15  ventral  ribs.  Above  the  diameter  of  40 
millimetei's  the  ribs  are  less  and  less  distinct  on 
the  venter,  and  at  the  diameter  of  75  milli- 
meters there  are  only  indistinct  folds.  The 
umbilical  nodes,  however,  remain  large  and 
blunt.  The  suture  is  much  like  that  of  the 
type. 

A  fourth  specimen  (see  PI.  XVI,  figs.  1-6), 
about  the  size  of  that  just  described,  is  assigned 
with  some  doubt  to  tliis  species.  The  sculpture 
is  much  weaker  than  on  the  specimen  just 
described  and  less  than  one  would  expect  to 
find  on  the  type  at  the  same  size.  The  cross 
section  of  the  whorl  is  somewhat  more  de- 
pressed, and  the  suture  is  more  incised.  The 
specimen  is  closer  to  V.  thomi  than  to  the 
other  species  described  in  this  paper  and  is 
therefore  attached  to  it. 

Vdsajceras  thomi  may  be  recognized  by  its 
well-rounded  venter  and  relatively  high  whorls. 
It  diiri»i*s  from  V.  moultoni  Reeside  in  possessing 
mor(*  elevated  whorls  and  in  sutural  details; 
from  V.  stantoni  Reeside  in  its  much  more 
elevated  whorls  and  less  angular  mnbilical 
shoulder  It  suggests  somewhat  V,  nlvanense 
CholTat  ®  but  is  apparently  a  much  larger  species 
and  has  a  wider  umbilicus  and  a  different 
suture.     It  also  suggests  V,  adoneTise  Choffat ' 


cChoinu.  Paul,  Los  ammorn'-os  du  Bellaslen,  des  couches  i  Neolobite 
vibraytanu.^  du  Turonien,  ot  du  S«'noiiitjn:  Fauao  crOtacique  du  Portugal, 
vol.  I,  ser.  2,  p.  57,  pi.  8,  fig.  5;  pi.  21,  fig.  9,  1898. 

T  Idem,  p.  59,  pi.  fig.  9,  3;  pi.  21,  fig.  12. 
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but  differs  in  the  retention  of  the  tubercles, 
in  the  fonn  of  the  umbiUcus,  and  in  suture. 

Vascoceras  moultoni  Reeside,  n.  sp. 
Plate  XVII,  figures  1-2;  Plate  XVIII,  figures  1-2. 

Shell  stout,  coronate.  Earliest  sta^e  seen  in 
the  single  specimen  available  is  at  diameter  of 
80  millimeters.  ^Miorl  has  broad,  dei>ressed- 
oval  cross  section.  Width  of  umbilicus  more 
than  half  the  diameter  of  the  shell.  Umbilical 
shoulder  bluntly  rounded.  Living  chamber 
and  aperture  unknown. 

Sculpture  of  the  visible  whorls  consists 
chiefly  of  large  blunt  conical  nodes  on  the 
umbilical  shoulders;  umbilical  wall  smooth; 
venter  smooth  except  for  ill-defined  broad, 
low  ribs  connecting  the  nodes. 

Suture  little  incised;  the  lobes  long  and 
slender,  the  saddles  ratlier  broad  and  open; 
first  lateral  lobe  pointed;  first  lateral  saddle 
trifid. 

Vascoceras  moultoni  niav  be  recognizcnl  bv 
the  depressed-oval  form  of  the  cross  scM'tion 
of  the  whorl  and  the  relatively  simple  suture. 
It  has  a  broader,  moie  depressed  whorl  and 
simpler  suture  than  F.  thomi  Reeside  and  a 
rounded  rather  than  a  subangular  umbilical 
shoulder  as  in  F.  stantoni  Reeside.  It  resem- 
bles some  of  the  forms  assigned  in  the  litera- 
ture to  F.  douvillei  Choffat  but  is  distinct 
from  all  of  them  in  the  persistence  of  the 
umbilical  tubercles  and  in  the  suture. 

Vascoceras  stantoni  Reeside,  n.  sp. 

Plate  XIX,  figures  1-2;  Plate  XX,  figures  1-  :^:  Plate  XXI, 

fii^urea  1-3. 

Shell  stout,  coronate.  Earliest  stage  seen, 
at  diameter  of  35  millimetei*s,  has  whorl  with 
depressed-ovate  cross  section.  The  form  of 
the  cross  section  changes  little  to  the  stage 
at  diameter  of  100  millinietcj-s  but  thereafter 
becomes  a  broad  pentagon.  Width  of  umbili- 
cus about  half  the  diameter  of  the  shell;  um- 
bilical shoulders  subangular.  Type  entirely 
septate. 

Sculpture  of  the  whorl  at  diameter  of  35 
millimetei's  consists  of  coarse  rounded  ribs 
starting  in  pairs  from  a  high  conical  umbilical 
node,  passing  to  the  margin  of  the  venter, 
where  thev  form  blunt  eloncjated  nodc^s,  and 
then  continuing  unbroken  across  the  venter. 
There  are  four  umbilical  nodes  and  perhaps  10 


ventral  ribs  on  the  half  whorl  succeeding  the 
diameter  of  35  millimeters.  At  the  diameter 
of  70  millimeters,  a  whorl  later,  the  whorl  is 
smooth  except  for  the  umbilical  nodes,  and  it 
remains  so  in  all  the  later  stages  seen. 

The  suture  shows  four  lateral  lobes  and 
saddles,  moderately  incised.  The  first  lateral 
lobe  is  pointed,  and  the  first  lateral  saddle 
trifid. 

Two  other  specimens  assigned  to  this  species 
show  a  much  later  stage  of  growth  than  the 
type.  The  better  preserved  though  less  com- 
plete specimen  (see  PL  XXI,  figs.  1-3)  would 
have  measured  about  275  millimeters  in  diam- 
eter. It  has  the  same  form  of  the  whorl  as  the 
type  and  preserves  even  at  so  late  a  stage  the 
umbilical  tubercles  and  traces  of  the  ventral 
jibs.  The  suture  of  this  specimen  was  not 
seen. 

Vascocivas  stantoni  may  be  recognized  by  its 
hroad  whorls  with  depressed  pentagonal  cross 
section  and  subangular  umbilical  shoulders. 
In  the  early  stages  it  is  not  greatly  different 
from  V.  thomi  Reeside  except  that  the  ribs 
are  finer,  but  in  the  later  stages  it  departs 
sharply  from  that  species  in  the  form  of  the 
whorl.  It  differs  from  T".  moultoni  Reeside  in 
its  subangular  umbilical  shoulders  and  in 
sutural  details.  It  is  perhaps  closest  to  F. 
liartiiformis  Choffat®  in  its  general  form  but 
differs  in  the  persistence  of  the  umbihcal 
nodes,  in  the  giTater  width  of  the  umbilicus, 
and  in  the  suture. 

Vascoceras  sp. 

Plate  XX ,  fij^iire  4. 

The  young  stages  of  these  American  speciee 
of  Vascoaras  sec^n  to  be  missing  in  most  of  the 
specimens  in  hand.  One  rather  poorly  pre- 
served mold  shows  the  exterior  of  younger 
whorls  than  any  of  the  other  specimens  and  is 
therefore  figured. 

Genus  PSEUDOTISSOTIA  Peron. 

Subgenus  CHOFFATICEBAS  Hyatt. 

Pseudotissotia  (ChofTaticeras)  sp.? 

Plate  XII,  fi<xure8  3-6. 

A  singh*  small  specimen  of  an  ammonite 
with  sharp  venter  was  obtained  in  cleaning  the 

«"  CliolTat,  Paiil,  op.  cit.,  p.  53,  pi.  12,  (Ig.  3;  pi.  13,  figs.  3-6:  pi.  21,  flgS- 
22-24, 1808. 
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umbilicus  of  one  of  the  large  specimens  of 
Vascoceras.  This  small  specimen  is  nearly 
complete,  preserving  three-fourths  of  the  last 
whorl  unseptate,  although  only  13  millimeters 
in  greatest  diameter.  The  shell  is  very  much 
compressed,  discoid.  The  flanks  of  the  whorls 
curve  evenly  from  the  umbilicus  to  the  ventral 
keel.  The  umbilicus  is  moderately  wide,  about 
one-fourth  the  diajneter  of  the  shell,  and  the 
umbilical  margin  is  rounded.  The  entire  shell 
is  smooth,  without  any  trace  of  ribs  or  nodes. 
The  suture  is  well  preserved  and  very  simple. 
It  shows  a  very  broad  ventral  lo1)e,  a  l)road 
first  lateral  saddle  with  two  incipient  marginal 
lobes,  a  broad  first  lateral  lobe  with  a  sugges- 
tion of  an  incipient  marginal  lobe  on  the  outer 
side,  a  simple  second  lateral  saddle  and  lobe, 
and  one  auxiliary  saddle  and  lobe. 

The  generic  assignment  of  this  little  ammo- 
nite is  uncertain.  On  the  basis  of  Hyatt's  fig- 
ures of  the  sutures  of  young  Metengonocerafi 
and  Coelopoceras  *  it  could  scarcely  belong  to 
those  genera  of  sharp-ventered  ammonites, 
both  of  which  are  known  to  occur  in  the 
Colorado  group  of  the  Interior  province  of 
North  America.  Of  other  genera  its  suture 
appears  to  be  proportioned  more  like  that  of 
Pseudotissotia  than  of  any  other  genus,  and  it 
is  therefore  tentatively  assigned  to  Pseudo- 
tissotia and  to  the  subgenus  Choffaticera^H  be- 
cause it  shows  no  trace  of  ventrolateral  keels 
or  nodes. 


Helicoceras  pariense  White? 

Plate  XX,  figures  5-6. 

A  single  fragment  of  a  small  cephalopod 
that  appeal's  to  have  had  an  open  coil  in  a 
single  plane  was  uncovered  in  preparing  the 
type  of  Vascocfras  thomi.  It  suggests  very 
strongly  young  Ildicocrras  pariense  White,*® 
though  the  specimen  is  insuflicient  to  warrant 
an  unquestioned  assignment  to  that  species. 
The  suture  is  not  visible,  but  the  form  and 
sculpture  agree  closely  with  those  of  the 
specimen  figured  by  wStanton. 

Hyatt  ^^  referred  ndicocfvas  pariense  White 
to  his  genus  Exitdoceras,  but  the  wTiter  prefers 
to  use  the  more  general  name  here. 

Inoceramus  labiatus  (Schlotheim). 

riati^  XIV,  figures  3-5. 

A  number  of  specimens  of  this  widespread 
species  accompany  the  other  fossils  of  the 
collection.  Thev  are  mostlv  of  small  size 
but  do  not  depart  in  any  way  from  typical 
shells  from  other  localities. 

Inoceramus  sp. 

Plato  XIV,  figure  6. 

A  single  small  specimen  of  a  relatively 
coarse-ribbed,  transversely  elongated  species 
of  Inocfrarmi^  is  contained  in  the  collection.  It 
resembles  in  some  respects  several  different 
species  but  is  hardly  sufficient  for  certain 
identification. 


»  Hyatt,  Alpheus,  Psoudworatitos  of  tho  Cn-tarcous:  l.  S.  Geol.  Sur- 
vey Mon.  44,  pi.  10,  figs.  10-12;  pi.  27,  fig.  13,  1903. 


"'  Stanton.  T.  W.,  The  Colorado  formation  and  its  invertebrate  faunia: 
r.  S.  Cool.  Survey  Bull.  100,  p.  IW,  pi.  35,  figs.  2-4,  1893. 

"  Ilyail.  Alphcns,  Tho  piiylo^eny  of  an  acquired  characteristic: 
Am.  Philas.  Soc.  Proc'.,  vol.  32,  p.  577,  1S94. 
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NOTES  ON  THE  GEOLOGY  OF  GREEN  RIVER  VALLEY  BETWEEN  GREEN 

RIVER,  WYOMING,  AND  GREEN  RIVER,  UTAH. 


By  John  B.  Reeside,  Jr. 


INTRODUCTION. 

During  July,  August,  and  part  of  September, 
1922,  I  had  the  privilege  of  accompanying  a 
party  sent  out  jointly  by  the  Utah  Power  & 
Light  Co.  and  the  United  States  Geological 
Survey  to  gather  such  data  as  were  still  needed 
to  complete  a  study  of  the  power  resources  of 
Green  River  between  Green  River,  Wyo.,  and 
Green  River,  Utah.  The  chief  deficiency  to  be 
supplied  was  a  continuous  topographic  map 
of  the  valley  in  sufficient  detail  to  permit 
calculation  of  the  storage  capacity  of  any 
reservoir  site  that  might  be  used,  the  stream 
gradient,  and  similar  features.  Maps  on  a 
satisfactory  scale  of  a  number  of  isolated 
stretches  of  the  river  had  already  been  made 
by  public  or  private  agencies,  and  it  was 
necessary  to  verify  them  and  connect  them 
on  a  uniform  datum.  Inasmuch  as  it  was 
deemed  unlikely  that  a  dam  higher  than  300 
feet  would  be  constructed  anywhere  on  the 
part  of  the  river  to  be  examined,  a  plane 
300  feet  above  the  water  surface  was  made  the 
upper  limit  of  mapping.  Over  such  parts  of 
the  valley  as  had  been  mapped  already  the 
progress  of  the  party  was  naturally  very 
rapid,  and  even  where  no  mapping  had  pre- 
viously been  done,  the  300-foot  limit  set  upon 
the  work  and  the  usual  narrowness  of  the  valley 
combined  to  reduce  the  extent  of  the  area 
to  be  mapped,  so  that  the  speed  maintained 
was  relatively  high.  Under  this  condition  of 
rapid  movement  it  was  seldom  possible  to 
make  more  than  the  most  cursory  examination 
of  the  rocks,  though  occasionally  circumstances 
permitted  more  or  less  detailed  observation. 
The  notes  here  recorded  are  therefore  mostly 
of  a  rather  generalized  character,  but  as  they 
pertain  in  part  to  localities  that  are  difficult 
of  access  and  not  often  visited  by  geologists, 
and  that  are  at  the  same  time  classic  in  the 


history  of  iVjnerican  geology,  I  venture  to 
to  record  them  for  whatever  value  they  may 
have  to  other  geologists. 

GEOLOGIC  NOTES. 

Green  River ^  Wyo.,  to  the  movih  of  Henrys 
Fork. — Most  of  the  part  of  Green  River  valley 
lying  between  Green  River,  Wyo.,  and  Henrys 
Fork  is  cut  in  rocks  assigned  to  the  Green 
River  formation  Qower  Eocene).  This  for- 
mation includes  a  lower  division  of  whitish, 
gray,  and  greenish  fissile  shale,  light-colored 
limestone,  and  sandstone  and  an  upper  di- 
vision of  massive,  irregularly  bedded  brown 
sandstone  with  some  sandy  limestone  and 
shale — the  ''Tower  sandstone"  and  ''plant 
beds"  of  Powell.*  Over  much  of  the  way  the 
"Tower  sandstone"  caps  the  bluffs  along  the 
river,  and  the  gray  mass  of  shaly  beds  be- 
neath it  forms  steep  slopes.  The  dips  of  the 
beds  are  low,  usually  so  low  that  they  are  not 
apparent  to  the  eye. 

As  the  mouth  of  Henrys  Fork  is  approached 
the  influence  of  the  Uinta  uplift  shows  in  the 
appearance  of  an  appreciable  northward  dip. 
About  6  miles  above  the  mouth  of  Henrys 
Fork  this  dip  increases  very  much,  and  the 
river,  running  nearly  across  the  strike  of  the 
beds,  quickly  passes  out  of  the  Green  River 
formation  into  the  beds  mapped  by  Schultz  * 
as  Wasatch  formation  (lower  Eocene).  These 
beds  consist  of  white  to  brown  sandstone,  gray 
shale,  and  red  shale  and  are  said  to  contain 
some  coal. 

From  the  Wasatch  exposures  the  river 
passes  through  beds  that  dip  40*^-60°  N.  and 
have  been  assigned  by  Schultz  '  to  the  Lewis 

1  Powell,  J.  W.,  Report  on  the  geology  of  the  eastern  portion  of  the 
Uinta  Mountains,  pp.  40,  45,  U.  8.  Qeol.  and  Geog.  Survey  Terr.,  1876. 

s  Schultz,  A.  R.,  Oil  possibilities  In  and  around  Baxter  Basin,  in  the 
Rock  Springs  uplift,  Sweetwater  County,  Wyo.:  U.  S.  Oeol.  Survey 
I  BuU.702,  pi.  1,  fig.  3, 1020. 
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shale,  Mesaverde  formation,  and  Hilliard  shale 
{all  Upper  Cretaceous).  These  beds  are  not 
very  well  exposed  inunediately  adjacent  to  the 
nver,  and  I  had  no  opportunity  to  study  the 
exposures  lying  at  some  distance  from  the 
river  bank.  The  Hilliard  shale,  viewed  from  a 
distance  of  perhaps  a  mile,  appears  to  be  a 
nonnal  dark-^ray  marine  shale  such  as  one 
would  expect  to  find  in  this  region.  Near  the 
mouth  of  Henrys  Fork  the  dip  is  nearly  vertical. 
Boars  Tuak  ridge. — ^The  north  flank  of  the 
Boara  Tusk,  a  sharp  ridge  running  southeast- 
ward from  the  river  just  below  the  mouth  of 


mations,  is  overturned  to  the  northeast  in  the 
lower  Beckwith  and  Twin  Creek,  and  appears 
to  be  nearly  vertical  in  the  basal  sandstone  of 
the  Nugget  and  the  underlying  red  beds. 
Schultz  *  gives  the  thickness  of  the  formations 
here  as  follows:  Frontier  formation,  125  feet; 
Aspen  shale,  135  feet;  Beckwith  formation, 
850  feet;  *  Twin  Creek  limestone,  140  feet; 
Nugget  sandstone,  1,000  feot;  *  Ankareh  shale, 
300  feet;  Thaynes  (?)  formation,  290  feet;  and 
Woodside  shale,  500  feet. 

The  Frontier  formation  here,  as  understood 
by  the  writer,   consists  of   a  massive  brown 


Henrys  Fork,  shows  at  the  ba.se  the  sandstone 
assigned  by  Schultz '  to  the  Frontier  forma- 
tion; above  it,  topographically,  the  beds  as- 
ngned  to  the  Aspen  shale  (Upper  Cretaceous), 
the  Beckwith  formation  (Jurassic  and  Creta- 
ceous?), the  Twin  Creek  limestone  (Jurassic), 
and  the  Nugget  sandstone  (Jurassic).  The 
south  slope  shows  the  red  beds  assigned  by  the 
same  autlior '  to  the  Ankareh  shale  (Triassic  ?) . 
Thaynes  (J)  formation  (Lower  Triassic),  and 
Woodside  shale  (Lower  Triassic).  The  dip  is 
nearly  vertical  in  the  Frontier  and  Aspen  for- 

•  B^mlU,  A.  R.,  Ollpoislblllttc^liianduouiidBuMrBula,  inihe 
Sock  Bpttncs  Dplift,  BwvetwaWr  Count;,  Wfo.:  U.  S.  Goal.  Survey 
BiilLT01,pl.l,flt-3,I«0. 


coarsegrained  cross-bedded  quartzose  sand- 
stone with  some  thin  included  lenses  of  car- 
bonaceous shale  and,  as  nearly  as  can  be  deter- 
mined, is  about  100  feet  thick.  The  Aspen 
shale  is  a  blue-white  porcelaneous  platy  shale 
containing  an  abundance  of  imprinto  of  fish 
scales.  It  is  the  lithologic  equivalent  of  the 
MovvTy  shale  of  the  region  to  the  east  and  north 
in    Colorado    and    Wyoming.     The    thickness 


•  Scbulti,  A.  R.,  op.  dt.,  tabic  oppooiti]  p.  30,  pp.  73-78,  uid  flu- 3. 
<lii  tbetableoppoeitsp.  aeuidlD  ll|.  3  Sctautti  ilv«  thli  Iblcki 
9  l,ioa  leel,  but  IHI  p.  70  It  is  ^ven  *i  SM  fnt,  wblcli  I  beHtvt  to 
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seemed  to  bo  about  225  feet,  but  the-  exposures 
are  not  entirely  aatisfsctory,  anil  it  is  possible 
that  part  of  the  interval  should  go  into  the 
Frontier  formation.  Iiiimc<l  lately  above  the 
Aspen  shale  iii  the  slope,  but  below  it,  in 
stratigraphic  position,  is  n  ootirse  brown  con- 
glomeratic sandstone.  This  sandstone  is  the 
topmost  member  of  the  Jleckwith  formation 
of  Schultz,  but  from  its  Uthokigic  eonstitution 
and  its  position  it  would  be  eulled  the  Cloverly 
formation  in  Wyomuig  or  tlic  Dakota  sand- 
atone  at  many  other  localities  in  the  Rocky 
Mountain  region.  The  pebbles  in  the  con- 
glomeratic parts  are  mostly  of  white  and  gray 
chert  and  are  as  much  as  an  inch  in  diameter. 
The   thickness  of   the  sandstone   is    IJiO  feet. 


Diglirtt  CouDty,  Ul*b. 


FlGVHB  4.— S«ctloa  o(  north  slope  o[  Koars 

Above  the  sandstone  in  the  slope,  but  below 
it  stratigraphically,  lies  a  mass  of  liighly 
colored,  variegated  shale  and  soft  sandstone 
about  300  feet  thick,  which  strongly  resembles 
the  Morrison  formation  of  eastern  Colorado 
and  central  Wyoming.  These  beds  form  a 
slope  and  at  most  places  are  not  well  exposed. 
The  next  higher  bed  in  the  slope  is  a  second 
conglomeratic  sandstone  50  feet  thick,  above 
which  more  colored  shale  and  soft  sandstone, 
about  300  feet  thick  and  not  very  well  exposed 
at  most  places,  constitute  the  basal  member 
of  Schultz's  Beckwith  formation.  Above  the 
colored  shale  last  mentioned  (below  it  strati- 
graphically) lie  gray  limestone  and  gray  cal- 
careous shale.  Some  of  the  limestone  layers 
are  fairly  massive,  but  most  of  them  are  thin 
and  platy.  RhynchoneUa  gnathopora  Meek  and 
Ontrea  striffUecvla  White  wore  noted,  but  the 
beds  would   undoubtedly  yield   many   more 


species  on  careful  search.  This  calcareous 
unit  is  the  Twin  Creek  limestone  of  Schultz 
and  is  about  75  feet  tliick.  Above  the  Twin 
Creek  beds  in  the  slope  lie  red  shale  100  feet 
thick,  tlien  a  yellow  sandstone  about  100  feet 
thick,  then  about  300  feet  of  beds  that  are  not 
well  exposed  but  seem  to  consist  largely  of 
sandstone  interbedded  with  layers  of  red  shale, 
all  of  which  together  with  the  overlying  sand- 
stone were  referred  to  the  Nugget  sandstone 
by  Schultz.  Above  these  beds  and  constituting 
the  comb  of  the  ridge  is  the  massive  white, 
brown,  or  reddish  sandstone  forming  the  base 
of  the  Nugget.     (See  figs.  4  and  7.) 

I  did  not  examine  the  Nugget  sandstone  and 
older  beds  in  Boars  Tusk  ridge  with  any  care 
and  made  few  notes  on  them.   The  basal 
member  of  the  Nugget  sandstone  is  a 
thick,  massive  cross-bedded  sandstone 
that    resembles    both    the    sandstone 
in  the  lower  part  of  the  Sundance  for- 
mation in  Wyoming  and  the  Jurassic 
sandstone  of  southern  Utah.     The  red 
bods  were  not  well  exposed  in  the  only 
place  where  I  crossed  them — the  gap 
between  Skull  Canyon  and  the  drain- 
age north  of  the  ridge.    At  this  local- 
ity the  red  beds  are  cut  off  below  by 
'  the  great  Uinta  fault,  which  extends 
for  miles  along  the  northern  edge  of 
the  Uinta  Mountain  uplift.     The  beds 
on   the  south  side  of  the  fault  are  the 
much  older  beds  described  below  as  the  "  Uinta 
formation,"  the  formations  normally  occurring 
between  tlie  red  beds  and   the  "Uinta  forma- 
tion"  having   been   displaced   by    the   fault. 
(See  fig.  5.) 

It  seems  hardly  possible  that  the  Frontio' 
formation,  the  Aspen  shale,  and  the  uppermost 
part  of  the  Beckwith  formation  of  Schultz  are 
the  exact  equivalents  of  the  Frontier,  Mowiy, 
Thennopiolis,  and  Cloverly  formations  in  Wyo- 
ming, but  the  similarity  of  lithologic  succession 
is  striking.  That  the  beds  in  the  Beckwith 
formation  of  Schultz  that  resemble  the  Morri- 
son formation  are  equivalent  to  that  foimatioD 
is  ])Iaced  beyond  doubt  by  the  occurrence  of  i 
lai^e  fauna  of  Morrison  dinosaurs  in  beds  at 
the  same  stratigraphic  position  near  Jeosen, 
Utah.  The  Twin  Creek  limestone  of  Schulti 
is  beyond  question  equivalent  to  the  uppOt 
calcareous  zone  of  the  Sundance  fonnation  of 


GEOLOGY  OF  GREEN   RIVER  VALLEY,  WYOMING  AND  UTAH. 


39 


central  Wyoming.  These  calcareous  beds  with 
the  beds  below  them,  down  probably  to  the 
base  of  the  Nu^et  sandstone,  I  consider  to 
represent  the  interval  usually  included  in  the 
Sundance  formation  in  central  Wyoming. 

Flaminff  Gorge,  Horseshoe  Canyon,  Neilsons 
Flat,  and  Kingfisher  Canyon. — In  Flaming 
Gorge  the  conspicuous  rocks  are  the  rim  of 
Nu^^t  sandstone  and  the  slopes  of  red  beds 
(Ankareh,  Thaynes  (?),  and  Woodside  forma- 
tions of  Schultz).  At  the  lower  end  of  the 
gorge  the  river  passes  across  the  trough  marking 
the  outcrop  of  the  rather  soft  and  unresistant 
upper  part  of  the  Park  City  formation  {Per- 
mian and  Pennsylvanian)  into  the  box  canyon 
cut  in  the  lower  part  of  the  Park  City  forma- 
tion and  the  Weber  sandstone  (Pennsylvanian) 
and  named  by  Powell  Horseshoe  Canyon. 
From  Horseshoe  Canyon  the  river  passes  back 
into  the  trough  of  Park  City  beds,  where  a  low 
area  near  the  river  is  known  as  Neilsons  Flat. 


noted  by  Schultz.'  The  beds  next  below  the 
unconformity  are  darker  in  color — a  brick- 
red — and  weather  differently,  their  surface 
having  a  sort  of  network  sculpturing  due  to 
small  regularly  arranged  cavities,  whereas  the 
surface  of  the  upper  beds  is  fairly  smooth.  The 
lower  beds  are  nearly  all  sandstone  and  are 
clearly  the  Thaynes  ( X)  formation  of  Schultz. 
The  typical  Thaynes  formation,'  near  Park 
City,  is  essentially  a  calcareous  formation  with 
gray  limestone  and  sandstone,  but  there  is 
nothing  of  the  sort  to  be  seen  here.  Beneath 
the  cliff  of  Thaynes  (()  formation  lies  a  long 
slope  underlain  by  light  brick-red  sandy  shale 
and  soft  sandstone  and  broken  near  the  base 
by  some  harder  layers  that  form  small  benches 
and  by  some  gray  layers  interbedded  with  the 
red.  This  unit  is  evidently  the  Woodside 
shale  of  Schultz  and  corresponds  in  a  general 
way  to  the  description  of  the  typical  Woodside 
shale  near  Park  City.* 


nKCtlonotrldgseutofBousTuakiidsc,  Dsggclt  C«uitj-,  Utah.    See  Figure  3  for  la 


From  Neilsons  Flat  the  river  passes  into  a  sec- 
ond box  canyon  cut  in  Weber  sandstone  and 
named  by  Powell  Kingfisher  Canyon.  King- 
fisher Canyon  is  cut  off  at  its  lower  end  by 
the  Uinta  fault  mentioned  above,  though  here 
the  surface  trace  of  the  fault  has  passed  over 
into  older  beds  and  the  Weber  sandstone  Ues 
in  contact  with  the  "  Uinta  formation."  {See 
fig.  3.) 

"Hie  area  including  the  localities  just  men- 
tioned is  a  geologic  unit,  and  the  geographic 
divisions  are  made  by  sharp  turns  in  the  river. 
The  Nu^et  sandstone  forms  a  cliff  running 
northeastward  and  lying  to  the  north  and 
northwest  of  the  area.  Beneath  it  the  Ankareh 
shale  of  Schultz  is  comp<)3ed  of  dark  salmon- 
red  sandstone  and  shale  with  a  minor  propor- 
tion of  yellowish  beds.  The  upper  part  of  the 
formation  appears  to  contain  softer  rock  and 
forms  a  slope,  but  the  lower  part  is  harder  and 
forms  a  bench.  The  formation  is  bounded  at 
the  base  by  a  very  irregular,  wavy  surface  of 
erosion  that  I  take  to  be  the  imconformity 


Schultz  gives  the  thickness  of  the  formations 
as  follows:  Ankareh,  300  feet;  Thaynes,  290 
feet;  Woodside,  500  feet.  I  did  not  make  any 
measurements  but  beUeve  these  figures  to  be 
about  right.     (See  fig.  6.) 

Boutwell  *  gives  the  thickness  of  the  Ankareh 
formation  at  its  typical  locality  near  Park  City 
as  over  1,150  feet,  the  Thaynes  formation  as 
1,290  feet,  and  the  Woodside  shale  as  1,090 
feet.  If  the  beds  assigned  to  these  formations 
near  Green  River  are  really  equivalent  to  the 
typical  divisions  near  Park  City,  the  differ- 
ences between  them  and  the  typical  develop- 
ment as  described  by  Boutwell  must  be 
ascribed  to  some  such  change  in  passing  east- 
ward from  Park  City  as  occurs  in  southern 
Utah  in  the  Moenkopi  formation,  also  of  Tri- 


•  Srbulti,  .V.  R.  Oil  pos9lbiUti*9  In  uid  around  Baxter  Badn,  Id  Ibe 
Rock  Springs  uplift,  Hweelwator  County,  Wyo.:  U.  8.  Oeol.  Batnj 
Bull.  T02,  tables  oppadl«  pp.  24  and  M,  1920. 

'Boutwell,  J.  M.,  Geology  and  ore  daposlts  of  tbe  Park  City  dltUct, 
Utah:  U.  S.  Qeol.  Survey  Prof.  Paper  77,  pp.  61-88,  ISO. 
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assic  age."  The  Moenkopi  formation  thins 
eastward,  and  the  proportion  of  Umestone  to 
Tioncalcareous  beds  decreases  rapidly  in  the 
same  direction.  The  Ankareh  formation  sug- 
gests, in  its  position  heneath  the  Nugget  and 
its  unconformable  relation  to  the  underlining 
beds,  the  Jelm  formation  "  of  southern  Wyom- 
ing, which  hes  beneath  the  basal  Sundance 
sandstone  and  is  unconformable  on  the  under- 
lying Chugwater  red  beds.  The  Chug^vater 
beds  are  in  turn  much  like  the  combined 
Thaynes  (J)  and  Woodside  formations  of  Green 
River  vaJley. 

The  Park  City  formation  lies  beneath  the 
Woodside  shale  and  is  only  indistinctly  sepa- 
rated from  it.    It  is  described  by  Schultz  "  as 


calcareous.  It  stands  in  cliffs  along  the  rirer  at 
most  places  where  it  is  exposed.  Schultz  gires 
the  thickness  along  Green  River  as  1 ,600  feet. 
Hideout  and  Red  Canyon. — Hideout  is  a 
rather  open  area  between  Kingfisher  Canyon 
and  Red  Canyon.  It  is  perhaps  a  mile  in 
length  measured  along  the  river  and  affords 
relatively  easy  access  to  the  river  on  either 
bank.  Red  Canyon  may  be  considered  to 
extend  down  the  river  from  Hideout  to  a  point 
several  miles  below  Red  Creek,  though  it  mi^t 
equally  well  be  considered  to  end  at  or  above 
Red  <>eek.  The  height  and  inclination  of  tha 
canyon  walls  varies  very  much — bo  much,  in 
fact,  that  perhaps  the  only  uniform  character 
is  the  constituent  rock,  the  mass  of  dark-red 


("PP« 


nantK  l.—Dlagnnunatlc  sketch  of  bluff  aorthveat  of  Ntllsoii  Flat,  I>*egeltCoiuit;,DMh. 


containing  near  Flaming  Gorge  in  the  upper 
part  a  gray  calcareous  shale  or  shaly  limestone 
200  feet  thick,  underlain  by  a  massive  cherty 
limestone  25  feet  thick,  a  phosphate-bearing 
shale,  with  chert  nodules,  40  to  50  feet  thick, 
and  a  basal  member  of  massive  limestone  100 
feet  thick  resting  unconformably  on  the  Weber 
sandstone.  These  subdivisions  are  recogniza- 
ble without  difficulty  and  maintain  very  nearly 
the  thicknesses  given. 

The  Weber  sandstone  is  a  very  massive, 
resistant  brown  sandstone,   probably  in  part 


-Reertde,  J 

B- 

Jr.,  nod  Bass 

r,  Harvf 

,  ^iratigraphl 

tHtlongln 

and  northwest 

rliAriion 

a:  U.S.  Oeol, 

aivty  Prol. 

Papula,  pp 

sii-e 

"  Knight,  C 

Ap.  and  origin 

ttheriKllwdaolsouthe™ 

teraWTom- 

IDE  (Bbaliact) 

Oeol.  Hoc.  Amerlra 

BnU..  vol.  M,  p.  IW,  1B17. 

HSchulU,  A 

R 

A  geolofiic  rec 

■^oflhfUlnla 

northMTiTJUili 

V. 

9.  GMil..Surve;BiilI.eeO 

p.,K,  IBlSlOU 

pasjlblUUu 

In  and  around 

Ba 

Sprfnpi  upUft 

County,  Wyo. 

IT.  8.  G«ol.  Sumy  Bull,  TIB 

Ubl«oppo«lt»pp.  »«ld 

to  red-brown  sediments  called  by  Powell  "  thfl 
"Uinta  group"  and  by  most  later  geolo^ts 
the  "Uinta  quartzite"  or  "Uinta  formation," 
though  by  King  and  Emmons  mistakenly 
identified  as  Weber  sandstone.  The  name 
Uinta  is  more  correctly  applied  to  the  very 
much  later  Tertiary  formation  that  occurs  in 
the  Uinta  Basin,  to  the  south  of  the  mountuns, 
but  as  no  other  acceptable  name  has  been 
given  to  the  older  unit  the  name  "  Uinta  fonna- 
tion"  will  be  used  with  quotation  marks  for  it 
in  the  present  description. 

The  "Uinta  formation,"  the  only  one  ex- 
posed in  Red  Canyon,  is  a  succession  of  deep- 
red  to  maroon  resistant  sandstone  and  con- 
glomerate, with  lesser  amounts  of  hard  red 
shale.     The  sandstone  is  usually  dense  and  is 
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in  places  changed  to  a  true  quartzite  in  which 
individual  grains  are  not  easily  distinguished; 
locally  the  color  is  a  deep  brown.  The  shale 
at  some  places  is  greenish.  The  beds  in  the 
upper  part  of  Red  Canyon  contain  more  shaly 
beds  proportionately  than  those  in  the  part 
farther  downstream,  though  there  are  some 
massive  beds  throughout  its  length.  The 
canyon  walls  at  many  places  are  debris-covered 
slopes;  at  others,  cliflFs  of  bare  rock.  Powell 
gives  the  thickness  of  the  ''Uinta  group''  as 
more  than  12,000  feet,  and  most  later  writers 
quote  his  figures.  I  had  no  opportunity  to 
estimate  or  measure  the  thickness,  but  it  is 
certainly  very  great. 

No  fossils  have  been  recorded  from  the 
"Uinta  formation/'  and  it  has  been  assigned 
by  various  writers  to  the  Devonian,  Carbonif- 
erous, Cambrian,  and  pre-Cambrian.  I  can 
add  nothing  regarding  the  age  of  the  formation 
except  that  search  at  many  places  for  features 
that  would  aid  in  fixing  the  age  revealed  only 
obscure  trails,  mud  cracks,  and  raindrop 
impressions,  of  no  esoecial  value  for  this 
purpose. 

Browns  Park  and  Swallow  Canyon, — The 
open  valley  between  Red  Canyon  and  Lodore 
Canyon,  called  Browns  Park,  affords  few  good 
exposures  near  the  river,  and  as  it  had  already 
been  mapped  the  party's  passage  through  it 
was  too  rapid  even  to  see  much  of  those.  One 
exposure  of  soft  dove-gray  shale  or  clay  not 
far  below  the  upper  end  of  the  park  is  probably 
late  river-terrace  material,  though  as  far  as 
lithology  goes  it  might  equally  well  be  of  Ter- 
tiary age.  Other  exposiu-es  of  brown  sand- 
stone are  probably  part  of  the  late  Tertiary 
Browns  Park  formation.^*  Swallow  Canyon, 
on  the  south  side  of  Browns  Park,  is  a  relatively 
shallow  canyon  cut  through  the  "Uinta  forma- 
tion" by  a  4-mile  loop  of  the  river  which 
abruptly  leaves  the  soft  valley  deposits  to 
plunge  into  the  hard  sandstone  beds  and  as 
abruptly  returns  to  the  valley. 

Lodore  Canyon, — From  Browns  Park  the 
stream  passes  again  into  exposures  of  "Uinta 
formation"  in  the  deep,  narrow  course  of 
Lodore  Canyon.  These  exposures  differ  in 
no  essential  respect  from  those  in  Red  Canyon. 
The  formation  has  perhaps  fewer  soft  layers, 
and  the  walls  stand  at  high  angles  with  but 

M  Powell,  J.  W.,  op.  clt.,  pp.  40,  44,  1«8. 
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Uttle  d6bris  upon  them.  For  the  first  12 
miles  of  the  canyon,  approximately,  no'  rocks 
except  this  formation  are  visible.  Then  there 
appears  at  the  top  of  the  canyon  walls  the 
first  of  the  post-" Uinta''  formations,  the 
Lodore  group  of  Powell."  This  gradually 
descends  down  stream  until  at  a  point  near  the 
mouth  of  Alcove  Creek  it  reaches  river  level. 
Above  the  Lodore  "group,"  or  Lodore  forma- 
tion, as  it  would  now  be  called,  appear  the 
beds  designated  by  Powell  "Redwall  group," 
"Lower  Aubrey  group,"  and  "Upper  Aubrey 
group."*'  These  divisions  probably  corre- 
spond closely  to  the  Mississippian  limestone, 
Pcnnsylvanian  limestone,  and  combined  Weber 
sandstone  and  Park  City  formation  of  Schultz." 

The  Lodore  formation,  as  I  interpreted  it, 
contains  a  fia^y  basal  sandstone  of  salmon 
color  that  is  sharply  separated  from  the 
underlying  "Uinta  formation"  by  an  im- 
conformity  representing  an  erosion  interval.'* 
Tliis  basal  sandstone  is  overlain  by  a  succession 
of  variegated  red,  pmplish,  and  green  sandy 
shales  and  thin  sandstones.  Possibly  there 
are  some  thin  limestone  beds  at  the  top  that 
should  also  be  included  in  the  Lodore  formation, 
though  I  tentatively  put  all  the  limestones 
into  the  next  higher  unit.  The  shale  ^irnit  is 
softer  than  the  underlying  beds  and  the 
succeeding  Carboniferous  limestone  and  makes 
a  marked  slope.  The  basal  sandstone  is 
about  150  feet  thick  and  the  shale  unit  about 
300  feet  thick.  Powell  gives  460  feet  as  the 
thickness  of  his  Lodore  "group,"  and  the 
round  figure  of  500  feet  is  cited  by  most  later 
writers.  No  fossils  have  been  recorded  from 
the  Lodore  formation  but  it  is  supposed  by 
recent  writers  to  be  Cambrian,  both  from  its 
position  in  the  section  and  its  resemblance  to 
beds  in  the  Tonto  group  of  the  Grand  Canyon. 
The  Carboniferous  fossils  noted  by  Powell  on 
page  56  of  the  report  cited  were  very  probably 
out  of  place. 

The  beds  designated  by  Powell  "Redwall 
group"  and  "Lower  Aubrey  group"  include  in 
the  lower  part  much  massive  cream-colored  to 
brown  cherty  limestone  very  similar  to  the 
Madison    limestone    (lower   Mississippian)    of 

16  Powell,  J.  \V.,  op.  dt.,  pp.  41,  66, 147. 
"  Idem.,  pp.  41,  M-55, 147-149. 

17  Schultz,  A.  U.,  Oil  possibilities  in  and  around  Baxter  Basin,  in  tbo 
Rock  Springs  uplift,  Sweetwater  County,  Wyo.:  U.  8.  Qeol.  Surrey 
Bull.  702,  tablo  opposite  p.  3d,  1920. 

"  Powell,  J.  W.,  op.  rit.,  pp.  144-145. 
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central  Wyoming;  and  in  the  upper  part  a 
succession  of  red,  pink,  and  purplish  shale  and 
sandstone  and  gray  and  pinkish  limestone,  all 
in  relatively  thin  layers  and  as  a  mass  much 
like  the  beds  commonly  assigned  to  the  Ams- 
den  formation  (Pennsylvanian  and  upper  Mis- 
sissippian)  in  central  Wyoming.  I  estimate 
the  thickness  of  the  upper  and  lower  divisions 
as  1,000  to  1,200  feet  each. 

Above  the  beds  of  Powell's  ''Lower  Aubrey 
group''  comes  the  Weber  sandstone,  here  as 
in  Horseshoe  and  Kingfisher  canyons  a  very 
massive,  much  cross  -  bedded  yellow  -  brown 
quartzose  sandstone  that  rises  in  sheer  un- 
broken walls  for  hundreds  of  feet. 

At  the  extreme  lower  end  of  Lodore  Canyon, 
just  at  the  edge  of  Echo  Park,  a  fault,  visible 
on  the  right  bank  of  the  river  and  striking  in  a 
direction  somewhat  east  of  north,  brings  the 
lower  part  of  Powell's  "Redwall  group"  into 
contact  with  the  extreme  top  of  his  "Lower 
Aubrey  group."  The  extension  of  this  same 
fault  southward  is  clear  in  Mitten  Park  and  the 
basin  of  Pool  Creek.     (See  below.) 

Echo  Park,  Pool  Creek,  and  Mitten  Park. — 
Green  River,  on  leaving  Lodore  Canyon,  follows 
for  some  miles  a  course  shaped  like  a  narrow  U 
with  t^e  open  end  to  the  north.  The  east 
limb  of  this  U  receives  Yampa  River  from  the 
east,  and  the  bend  receives  Pool  Creek  from 
the  south.  The  narrow  open  bottom  adja- 
cent to  the  mouths  of  these  streams  is  Echo 
Park  or  Pat's  Hole.  Farther  downstream,  at 
the  top  of  the  west  limb  of  the  U ,  another  small 
open  bottom  is  known  as  Mitten  Park.  From 
Mitten  Park  the  river  passes  abruptly  into 
Whirlpool  Canyon. 

Echo  Park  is  walled  in  by  sheer  cliflfs  of 
Weber  sandstone,  which  likewise  forms  Steam- 
boat Rock,  the  great  mass  that  fills  the  area  in 
the  center  of  the  U.  The  lower  course  of  Pool 
Creek  is  a  narrow  box  canyon,  likewise  in  the 
Weber  sandstone,  though  in  about  2  miles  the 
creek  bed  rises  above  it,  through  the  Park  City 
beds,  and  runs  upon  red  beds.  These  red  beds 
lie  in  a  small  basin  bordered  on  the  west  by 
the  fault  mentioned  above  and  possibly  by 
another  on  the  south.  The  Woodside  shale 
appears  to  be  much  as  on  the  north  side  of  the 
mountains,  and  the  Thaynes  (?)  about  the 
same  except  for  the  occurrence  of  some  heavy 
beds  of  brown  sandstone.    I  believe  that  the 


supposed  Ankareh  and  later  beds  have  been 
removed  here  by  erosion. 

In  Mitten  Park  the  rocks  are  tilted  to  a  hi^ 
angle  in  proximity  to  the  fault  and  are  even 
overturned.  The  downthrow  is  on  the  east 
and  the  upthrow  on  the  west,  bringing  above 
the  river  level  several  hundred  feet  of  the  up- 
per part  of  the  *' Uinta  formation." 

I  made  no  estimate  of  thicknesses  in  this 
region,  though  the  Weber  sandstone  is  cei^ 
tainly  in  excess  of  1,000  feet. 

Whirlpool  Canyon, — ^At  the  upper  end  of 
Whirlpool  Canyon  the  uppermost  several  hun- 
dred feet  of  the  '^ Uinta  formation"  appears 
west  of  the  fault  described  above.  The  normal 
succession  of  formations  appears  above  it — ^Lo- 
dore formation,  '*  Redwall  group, "  and  "  Lower 
Aubrey  group."  The  Lodore  formation  has 
about  the  same  constitution  and  thickness  as 
in  Lodore  Canyon;  likewise  the  lower  Madison- 
like part  of  Powell's  divisions  and  the  upper 
Amsden-like  part.  The  irr^ular  contact  of 
the  Lodore  formation  on  the  ''Uinta  forma- 
tion" is  especially  well  shown.  The  forma- 
tions dip  downstream,  and  at  the  lower  end  of 
the  canyon  the  Weber  sandstone  appears.  It 
is  bent  sharply  downward  and  cut  off  by  a 
fault,  which  runs  about  parallel  to  that  of  the 
upper  end,  with  the  downthrow  on  the  west 
and  the  upthrow  on  the  east."  Whirlpool 
Canyon  therefore  seems  to  cross  an  uplifted 
fault  block,  with  the  Mitten  Park  fault  on 
the  east  and  the  Island  Park  fault  on  the 
west. 

Island  Park. — ^The  area  along  the  river  be- 
tween Whirlpool  Canyon  and  Split  Mountain 
Canyon  is  divided  by  the  local  residents  and 
on  some  maps  into  three  small  parks.  Hiese 
are  merely  large  bottoms  separated  by  low 
ridges  and  are  called,  in  order  downstream, 
Island  Park,  Rainbow  Park,  and  Little  Park. 
The  rocks  of  this  area,  often  called  as  a  whole 
Island  Park,  lie  in  an  unsymmetrical  syndine 
with  axis  plunging  a  little  south  of  east  and 
with  the  eastern  tip  truncated  by  the  fault  at 
the  eastern  edge  of  Island  Park.  The  forma- 
tions present  extend  from  the  Weber  sand- 
stone to  the  HiUiard  shale,  inclusive.  Tlie 
character  of  the  rocks  is  best  shown  in  the 
following  section : 

»  See  Schultz,  A.  R.,  A  geologic  rocoonaiannce  of  Uw  UinU  Moan* 
tains,  northern  Utah:  U.  S.  Geol.  Survey  BuU.  000,  pi.  6, 1U& 
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Section  measured  in  Island  Pari, 

[See  also  fig.  7.] 
Me—iued  northwest  of  Bainbow  Park. 

Billiard  shale. 

Frontier  formation  of  Schultz: 

Sandstone,  massive,  gray  to  yellow 

Shale,  yellow,  sandy 

Sandstone,  massive,  gray  to  yellow 

Shale,  yellow  to  gray,  in  part  sandy 

Aspen  shale  of  Schultz:  Shale,  hard,  platy, 
bluish-white,  with  abundant  fish  scales.  Ex- 
actly like  Mowry  shale  in  Wyoming 

Beckwith  formation  of  Schultz: 

Sandstone,  massive,  brown  to  gray,  coarse, 
containing  few  lenses  of  pebbles  the  size  of 
idieat.  (Where  measured  the  upper  part 
of  this  imit  is  in  almost  direct  contact 
with  Aspen  shale,  but  along  the  strike  the 
upper  50  feet  changes  to  very  dark  shale) . . 

Shale,  brown  to  dark  gray,  with  some  thin 
beds  of  brown  sandstone.  Not  as  dark  as 
might  be  expected  at  this  horizon 

Sandstone,  coarse,  brown  to  gray.  No 
pebbles  seen 

Shale,  variegated  purple,  green,  gray;  sand- 
stone, soft,  whitish;  and  sandstone,  brown, 
bard.  Contain  bone  fragments  and  gastro- 
lithfl  at  a  number  of  horizons.  Beds 
diange  rapidly  both  vertically  and  hori- 
zontally. Possibly  some  of  the  basal  beds 
may  belong  to  the  underlying  marine 
Jurassic,  but  they  did  not  furnish  clear 
evidence  of  marine  origin.  Thickness  cal- 
culated from  topographic  data 

Meaanred  1  mile  west  of  Rnple  randi. 

Twin  Creek  formation  of  Schultz: 

Shale,  greenish  gray)  with  layers  of  platy 
aigillaceous  sandstone  and  some  lenses  of 
soft  yellow  sandstone.  Not  sharply  sepa- 
rated from  overlying  unit.  Sandstone 
layer  10  feet  above  base  contains  Rhyn- 
choneUa  gnathophora  Meek,  Ostrea  sp.  unde- 
termined, Tancredia  warrenana  Meek  and 
Hayden,  Trapeziumf  sp 

Sandstone,  blocky,  light  brown,  fine-grained; 
contains  Rhynckonellay  Ostrea^  and  other 
fossils  very  poorly  pre8er\'ed 

Sandstone,  soft,  gray- white,  cream-colored  to 
yellow,  argillaceous;  at  most  places  weath- 
ers back  like  shale,  at  others  stands  out  as 
ledges;  contains  lenses  of  greenish  shale. 
No  fossils  seen 

Shale,  greenish  gray,  with  thin  layers  of 
sandy  brownish  limestone  and  nodules  of 
dense  blue  limestone.  Contains  Cidarisf 
sp.,  br>'ozoan,  Parallelodmit  n.  sp.,  Pinna 
sp.,  Eumicroiis  carta  (Hall),  Ostrea  striffile- 
etda  White,  Cardiniaf  n.  sp.,  Trigonia 
quadrangularis  Hall  and  Whitfield,  Camp- 
tonectes  platem/ormis  White,  Modiola  per- 
tenuia  Meek  and  Hayden,  Pleuromya  neuh 
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Twin  Creek  formation  of  Schultz — Continued. 

toni  Whitfield,  Astarte  packardi  White,  Tan- 
credia f  inomata  Meek  and  Hayden,  Dosinia 
jurassica  Whitfield,  Quenstedticerasf  hoveyi 
Reeside,  Cardioceras  cf .  C.  cordiforTne  (Meek 
and  Hayden),   Cardioceras  sp.,  BelemniUi      Feet. 

densus  Meek  and  Hayden 50 

Nugget  sandstone  of  Schultz : 

Sandstone,  platy,  gray  to  cream-colored, 
with  thin  shale  layers.  Grades  into  over- 
lying beds 15 

Sandstone,  massive,  cream-colored,  cross- 
bedded 20 

Sandstone,  platy,  gray,  interleaved  with 
thin  layers  of  green,  gray,  and  purple  shale. 
The  lower  part  contains  clay-pellet  con- 
glomerates, and  the  base  is  a  sinuous  line. 
Probably  no  unconformity  of  much  magni- 
tude, as  both  these  beds  and  the  under- 
lying beds  are  shallow- water  deposits. 

Sandstone,  massive,  cream-colored  to  brown, 
cross-bedded,  in  a  single  bed.  Cross- 
bedding  seems  to  be  of  the  current  type..        75 

Measured  In  Little  Park. 

Shale,  brick-red  with  some  gray  streaks 200 

Sandstone,  gray  to  yellow,  locally  salmon- 
colored,  cross-bedded,  very  massive 560 

Sandstone  and  shale,  alternating  in  thin  beds, 

red  and  white 

Ankareh  shale  of  Schultz : 

Shale,  sandy,  red  with  some  white  streaks 

and  gray  layers 

Sandstone,  salmon-colored,  massive,  medium 

grained 

Shale  and  soft  sandstone,  mostly  brick-red.. 

Grit,  coarse,  white,  yellow,  and  pink,  with 

lenses  of  pebbles  of  quartz  and  chert  1  inch 

or  less  in  diameter;  basal  part  has  pebbles 

as  much  as  2  inches  in  diameter 

Unconformity. 

Thaynes  (?)  and  Woodside  formations  of  Schultz: 
Shale  and  sandstone,  brick-red,  without  any 

prominent  subdivisions;  estimated  at 1, 000 

Park  City  formation. 

Split  Mauntaih  Canyon. — ^The  rocks  exposed 
in  Split  Moimtain  Canyon  (sometimes  locally 
called  Black  Mountain  Canyon)  fonn  a  sharp 
unsymmetrical  anticline  whose  axis  runs  about 
due  west.  The  river  enters  the  canyon  at 
right  angles  to  the  strike  of  the  rocks  on  the 
north  Umb  but  on  reaching  the  axis  of  the 
fold  runs  parallel  to  it  for  about  5  miles,  then 
at  right  angles  to  the  strike  across  the  south 
Umb.  The  upper  end  of  the  canyon  is  in 
Weber  sandstone,  but  the  dip  is  steep  and 
soon  brings  up  the  upper  part  of  the  "Lower 
Aubrey  group"  of  Powell  (Amsden-like  beds) 
and  in  places  along  the  axis  Powell's  "Redwall 
group"    (Madison-like  beds).    On  the  south 
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limb  the  reverse  succession  is  present,  and  the 
canyon  ends  at  the  top  of  the  Weber  sandstone. 

Wonsits  VdUey.—The  name  Wonsits  Valley 
was  applied  by  Powell '®  to  the  region  extend- 
ing from  the  lower  end  of  Split  Mountain 
Canyon  to  the  mouth  of  Duchesne  River.  It 
is  here  extended  arbitrarily  southwestward  to 
include  the  valley  as  far  as  the  mouth  of 
Willow  Creek. 

Immediately  following  the  Weber  sandstone 
at  the  lower  end  of  Split  Mountain  Canyon 
comes  a  succession  of  red  beds,  Nugget  sand- 
stone, etc.,  nearly  identical  with  that  in  Island 
Park.  These  beds  dip  very  steeply  but  are  not 
as  well  exposed  near  the  river  as  in  Island 
Park.  Owing  to  the  steep  dip  the  river  passes 
through  the  older  beds  in  a  short  distance  and 
then  runs  upon  the  Cretaceous  a  considerable 
distance,  but  the  exposures  are  rather  poor 
because  of  the  abundance  of  river-terrace 
material.  Along  this  part  of  the  river  a  num- 
ber of  attempts  have  been  made  to  exploit 
the  river  terraces  for  placer  gold,  but  they 
have  not  yet  been  wholly  successful. 

At  a  point  about  6  miles  above  Jensen  the 
river  approaches  closely  the  outcrops  of  the  pre- 
Cretaceous  rocks.  Near  this  point  the  Carnegie 
Museiun  of  Pittsburgh,  Pa.,  has  for  years  been 
taking  dinosaur  remains  from  a  quarry  in  beds 
of  Morrison  ago.  A  stratigraphic  section  in  the 
neighborhood  of  the  quarry  is  as  follows : 

Section  measured  at  Carnegie  Museum  dinosaur  quarry,  above 

Jensen . 


[See  also  ng.  7.] 

River-terrace  materials,  underlain  by  Milliard  shale, 
f'rontier  formation  of  Schultz  : 

Sandstone,  Mrly  coarse,  gray  to  brown,  cross- 
bedded 

Shale,  yellow,  sandy,  with  thin  layers  of  gray 

sandstone 

Aspen  shale  of  Schultz : 

Shale,  bluish  gray,  hard,  platy;  contains  many 
fish  scales 

Shale,  yelloTiish,  sandy 

Beckwith  formation  of  Schultz : 

Sandstone,  gray  to  brown,  locally  weathering 
pink,  coarse,  conglomeratic,  cross-bedded  . . . 

Shale,  rusty  brown  and  drab 

Sandstone,  gray  to  brown,  in  thin  beds 

Shale,  rusty  brown  and  drab 

Sandstone,  ripple-marke<l,  coarse,  cross-bedded, 
brown  to  gray;  rusty  in  places.  This  bed 
seems  to  be  variable  in  thickness  and  may 
even  be  absent  a  short  distance  to  the  west. . 
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M  PowcU,  J.  W.,  Map  of  Green  Rivor  from  the  Union  PaclQc  Railroad 
to  the  mouth  of  White  River,  1873;  Exploration  of  the  Colorado  Riyer 
of  the  West  and  its  tributaries,  explored  in  1809  ,1870  ,1871  and  1872, 
p.  44, 1875. 


Beckwith  formation  of  Schultz — Continued.  Feet. 

Shale,  gray,  violet,  and  greenish,  with  lenses 
of  greenish  aigillaceous  sandstone,  grit,  and 
c*onglomerate  that  weather  to  a  chocolate- 
brown  ;  highly  \'ariable  unit 279 

Sandstone,  greenish,  conglomeratic;  weathers 
browTi.    Jlorizon  of  dinosaur  quarry 10 

Shales  and  sandstone,  variegated;  like  second 

unit  alK)  ve 506 

Twin  <>eok  formation  of  Schultz: 

Sandstone,  fme  grained,  fissile,  beautifully  rip- 
ple marked  and  rain  pitted,  greenish  grey, 
with  considerable  interl>edded  shale.  Some 
layers  contain  Ostrea  ep 40 

Sandstone,  platy,  ripple  marked,  gray,  fine 
grained;  contains  Rhynchonella  gnathopkora 
Meek  and  Tancredia  warrenana  Meek  and 
Ilayden 2 

Shale,  greenish  grey,  with  some  platy  sand- 
stone of  same  color 65 

Sandstone,  brown,  limy;  contains  Ostrea  stri- 
gilecuh. 1 

Shale,  dark  grey,  almost  black,  containing  dense 
l)luo  limestone  in  concretions 42 

Limestone,  grey,  coarse,  sandy;  contains  Et/fmi- 
crotis  curia  (Uall),  Ostrea  strigilecula  White, 
Camptonectes  platessi/ormis  White,  Astarie 
packardi  White,  Tancredia  f  inomata  Meek 
and  Hay  den,  Tancredia  sp.,  Dosinia  jurassica 
Whitfield?,  Cardioceras  russelli  Roeside,  Car- 
dioceras  hyatti  Reeside,  Cardioceras  oordiforme 
Meek  and  Hayden,  Cardioceras  aff.  C.  wyo- 
mingense  B^eade,  Cardioceras  Bp 1 

Shale,  greenish  grey,  with  limestone  in  nodules 
and  containing  Ostrea  strigilecula  White  and 

Eumicrotis  curta  (Hall) 27 

Nugget  sandstone  of  Schultz: 

Sandstone,  ver>'  massive,  croas-bedded,  me- 
dium graine<l,  yellow  to  grey 91 

Shale  and  platy  sandstone,  yellow  to  grey 12 

Sandstone,  massive,  grey  to  yellow,  croos- 
bedded,  medium  grained 120 

Shale,  variegated,  grey  and  brick-red 107 

Sandstone,  very  massive,  yellow  to  grey;  forms 
here  an  impassable  ridge;  must  be  some  hun- 
dreds of  feet  thick. 

For  a  short  distance  below  the  dinosaur 
quarry  there  are  very  good  exposures  of 
Hilliard  shale  close  to  the  river,  but  over  much 
of  the  way  to  Jensen  the  exposures  are  poor. 
The  rocks  he  in  a  syncline  plunging  to  the  west, 
as  shown  by  Gale  '*  and  Schultz.**  An  anti- 
cline, also  plunging  westward  and  with  its  axis 
passing  close  to  Jensen,  brings  up  Frontier 
sandstone  just  east  of  the  town.  Downstream 
from  Jensen  the  river  passes  through  hi^er 
and  higher  beds.  About  6  miles  southwest 
of    Jensen    sandstone   and    shale    containing 

*^  Gale,  H.  S.,  Coal  fields  of  northwestern  Colorado  and  northeiitflni 
Utah:  U.  S.  Geol.  Survey  BolL  415,  pi.  21, 1910. 

**  Schnlts,  A.  B.,  A  geologic  reoonnaissance  of  the  Uinta  Mountaioib 
northern  Utah:  U.  S.  Geol.  Survey  Bull.  600,  pi.  6, 1916. 
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many  red  beds  appear.  These  beds  are 
relatively  soft  and  lack  the  hard  sandstones 
present  in  the  Wasatch.  I  take  them  to  be 
the  Tertiary  beds  assigned  to  the  Bridger 
formation    (middle   and   upper  Eocene)    and 


dip  northward.  From  that  point  on  to  a 
locality  some  distance  above  Ouray  only  these 
red  beds  are  visible,  but  at  this  locality  gray 
beds  appear  at  river  level  and  the  red  element 
is  less  striking. 
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Brown  coarse-frrained 
sandstone  with  some 
carbonaceous  shale 


Mostly  bluish  Avhite^ 
fish-scale  siiale. 
Not  well  exposed, 
possibly  in  part 
Frontier 
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eratic  sandstone. 
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Variegated,  highly 
colored  shales  and 
soft  sandstones 


Conglomeratic  sandstone      700± 


Variegated  shalsa 
and  soft  sandstones 
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Gray  to  yellow  sandstone 

Sandy  shale 

Msssive  gray  to  yellow  sandstone  155 


Shale,  gray  sandy 
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Shale,  brown  to  grsy     . .  _f_ 

^Sandstone,  coarse,  brown 


279 


Variegated,  hiehly  colored 
shales  and  soft  sandstones. 
Bone  fragments  and  gas- 
troliths  at  many  horizons. 
PosBn>ly  some  of  basal  part 
should  go  With  Twin  Creek 
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Shale,  greenish  gray_  ^ 
^Sandstone,  gray,  hard*  "^ 
Sandstone,  soft,. gray- 
white,  argillaceous 

.Shsle.  greenish  gray 
Sandstone,  platy,  gray 


-SanHstoTter  massive,  gray 
^Sandstone,  platy,  and  shale 

Sandstone,  massive, 
gray  and  brown 


Shale,  brick-red 
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Hilliai^shale 

Yellow  sandstone,  fairiy 

Shale,  sandy,  and 
thin  sandstone 


Hard  bluish^hite 

fish-scale  shale 

Shale,  yellow,  sandy  __ 

'  Sandstone,  brownjcongkmieratie 

Shale,  brown  to  drab 
Sandstone,  brown,  thin 

Shale,  brown  and  drab 
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Variegated  shale,  highly 
colored,  with  soft  sand- 
atones  that  weathar  a 
chocolate-brown 


Sandstone.    Horison  of 
idinosaur  quarry 


Variegated  shale,  highly 
colored,  and  ehooolate- 
brown  sandstones 


Sandstone,  platy,  greenish  ' ' 
^1      gray,  and  shaU 
T^Sandstone,  platy 
Shale,  greenish  gray 
Sandstone,  brown 
Shale,  veiy  dark,  with 
limestone  concretions 
limestone,  gray,  sandy 
lale,  greenish  gra^with 
limestone  concretions 
^   Sandstone,  roassiva, 
Y     yellow  to  gray 

^Shale  and  platy  sandstnnn 

Sandstone,  msssivs. 
gray  to  yellow 

Shale,  brick-red 
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I        I  Massive  sandstone  of  Nogftt      | 


«     Marine  Jurassic  fossils 

TUUWt  7.— Diagram  showing  correlation  of  sections  near  Flaming  Gorge,  Daggett  County,  and  In  Island  Park  and  near  the  Carnegie  Muaenm 

dinosaur  quarry,  Uinta  County,  UtaJi. 


Uinta  fonnation  (upper  Eocene).  This  is  the 
real  Uinta  formation.  These  beds  have  a 
aouth  dip  at  their  northern  edge.  Farther 
downstream  they  lie  practically  fiat,  but  about 
at  the  neck  of  Horseshoe  Bend  they  begin  to 


Upper  Desolation  Canyon, — ^The  name  Deso- 
lation Canyon  was  applied  by  Powell  ^  to  the 
stretch  of  valley  from  a  point  somewhere  in  the 

u  Powell,  J.  W.,  BxploratioQ  of  the  Colorado  River  of  the  West  audit! 
tributaries,  explored  in  1860, 1870, 1871,  and  1872,  pp.  4MiO,  1875. 
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neighborhood  of  Indian  Pasture  downstream 
to  the  Roan  Cliffs.  For  the  present  descrip- 
tion the  stretch  of  valley  between  Willow 
Creek  and  Minnie  Maud  Creek  is  taken  arbi- 
trarily as  Upper  Desolation  Canyon,  though  it 
is  much  less  a  canyon  than  a  sharply  limited 
valley,  and  the  valley  below  it  to  the  Roan 
Cliffs  is  taken  as  Desolation  Canyon  proper. 

Near  the  mouth  of  Willow  Creek  much  sand- 
stone is  present  in  short  lenses.  The  shale  be- 
tween and  around  the  sandstone  lenses  is  of  a 
sort  of  mauve  color,  and  the  sandstones  them- 
selves a  coffee-brown.  The  whole  mass  has  a 
purple  tone  when  seen  in  the  distance.  Near 
the  mouth  of  Desert  Spring  Wash  the  purple 
beds  are  replaced  in  part  by  gray  and  yellowish 
beds.  The  dip  is  low,  but  the  replacement 
is  thought  to  be  due  to  the  rising  of  older  bods 
to  river  level.  A  few  miles  below  Desert 
Spring  Wash  the  walls  of  the  valley  are  all  of 
gray  and  yellowish  beds  of  unmistakable 
Green  River  aspect.  Sandstone  is  present 
but  only  in  short  lenses,  and  the  bulk  of  the 
rock  is  shale.  At  Indian  Pasture  the  shaly 
beds  are  very  conspicuous  and  the  slopes  look 
as  if  all  shdie.  The  change  from  the  purple 
beds  to  the  gray  beds  appears  to  mark  the 
change  from  the  Bridger  and  Uinta  formations 
to  the  Green  River  formation.  There  seems 
to  be  no  break.  I  did  not  estimate  the  thick- 
ness of  the  purple-red  beds. 

Winchester  ^  places  the  base  of  tlie  Bridger 
beds  some  distance  above  Desert  Spring 
Wash — in  fact,  beyond  the  area  covered  by 
his  map — ^but  he  must  have  had  some  such 
distinction  in  mind  as  that  stated  above. 
The  zone  of  rich  oil  shale  appears  at  river  level 
about  3  miles  above  the  mouth  of  Minnie 
Maud  Creek,  according  to  Winchester,  and  is 
mapped  by  him  along  the  walls  of  the  canyon 
for  many  miles  below,  rising  southward  until 
high  up  on  the  walls  it  turns  to  the  east  and 
west  somewhere  near  Chandler  Creek. 

DesoUUion  Canyon. — Desolation  Canyon  is 
here  considered  to  extend  from  Minnie  Maud 
Creek  to  the  Roan  Cliffs  below  the  McPherson 
ranch. 

Near  Minnie  Maud  Creek  the  walls  of  the 
canyon   appear  to  be  largely  shale,  gray  to 

*4  Winchester,  D.  £.,  Oil  shale  of  the  Uinta  Basin,  northeaatem  Utah: 
U.  S.  Geol.  Survey  Bull.  691,  pi.  12, 1919. 


yellowish,  with  only  a  minor  amount  of  sand- 
stone, but  downstream  some  miles  near  Tabby 
Ah  Guy  Canyon,  much  more  sandstone  ap- 
pears— fine  grained,  yellow  to  brown,  platy. 
The  sandstone  layers  in  weathered  faces  are 
often  masked  by  dfibris  but  in  clean  vertical 
faces  are  very  evident.  Some  of  the  sand- 
stone has  probably  come  in  by  lateral  change 
from  shale,  some  of  it  by  rising  above  river 
level.  Near  Temple  Canyon  the  lowest  beds 
are  nearly  all  sandstone,  yellow  and  rusty 
brown,  with  a  minor  amount  of  maroon  and 
greenish-gray  shale.  Above  these  sandy  beds 
the  shaly  gray  Green  River  beds  like  those  of 
Minnie  Maud  Canyon  appear,  but  they  are  so 
high  on  the  canyon  wall  that,  considering  the 
low  dip,  it  is  very  unlikely  that  they  could  have 
simply  risen.  I  believe  that  there  has  been 
some  lateral  change  in  lithology. 

Near  the  mouth  of  Jack  Creek  the  rocks  for 
perhaps  1,000  feet  above  the  river  are  brown 
sandstone  with  a  minor  amount  of  red  and 
greenish  shale.  Above  these  beds  are  ooUtic 
cream-colored  limestone  and  light  shale  and 
sandstone,  such  as  are  present  in  the  more 
typical  Green  River  beds.  How  much,  if  any, 
of  the  mass  of  brown  sandstone  and  colored 
shale  are  Green  River  formation  and  how 
much  Wasatch  formation  I  am  unable  to  say. 

Down  near  the  river  level  at  Jack  Creek  some 
striking  deep-red  beds  appear.  Downstream 
these  red  beds  near  the  river  become  progres- 
sively thicker,  and  there  is  a  fairly  sharp  plane 
of  division  between  them  and  the  overlying 
mass  of  brown  sandstone  and  colored  shale. 
The  distinction  is  not  ideally  sharp,  as  some 
red  coloring  occurs  in  the  rocks  above,  and 
there  is  no  evidence  of  any  break  in  sedimen- 
tation. The  top  of  the  marked  red  series 
might  well  be  considered  the  top  of  the  Wa- 
satch formation,  though  here,  as  has  been 
noted  at  other  places  in  the  region  by  various 
observers,  the  position  of  the  boundary  be- 
tween the  Wasatch  and  Green  River  forma- 
tions offers  ground  for  wide  difference  of 
opinion.  These  reddish  beds  make  up  more 
and  more  of  the  canyon  walls  downstream 
until  they  finally  include  practically  all  the 
rock  visible  from  the  river.  Near  Three  Can- 
yon Creek  there  is  much  conglomerate  of  smaU 
I  chert  pebbles  in  the  fallen  blocks  along  the 
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river,  though  I  did  not  see  the  rock  in  place. 
Just  below  the  McPherson  ranch  at  river  level 
appear  gray  shale,  thin  brown  sandstone,  and 
dark  fresh-water  limestone  crowded  with  Vivi- 
parua,  UniOj  and  other  fossils.  Beneath  these 
beds  are  gray  shale  with  streaks  of  red  and  then 
plain  gray  shale  and  brown  sandstone.  I 
supposed  the  red  and  gray  shales  associated 
with  the  fresh-water  limestone  to  be  the  base 
of  the  Wasatch  and  the  gray  shale  and  brown 
sandstone  beneath  them  to  be  the  Mesaverde 
formation  of  the  region.  The  outcrop  of  the 
red  beds  turns  away  from  the  river  here  to 
form  the  Roan  CliflFs,  and  Gray  Canyon  begins. 
Oray  Canyon. — Gray  Canyon  is  cut  in  a  suc- 
cession of  alternating  massive  brown  sandstone 
and  gray  shale — the  Mesaverde  formation  of 
the  region.  Coal  beds  are  present  in  the  lower 
part  of  this  series,  but  I  did  not  have  time  to 
locate  any  definitely.  There  is  little  change  in 
character  of  the  rocks  above  the  end  of  the 
canyon,  where  the  outcrops  of  the  sandstones 
turn  oS  to  the  east  and  west  to  form  the  Book 
CliflFs,  and  the  river  runs  through  lowlands  of 
Mancos  shale. 


COMPARISON  OF  THE  LITHOLOGIC  SUCCESSION 
IN  GREEN  RIVER  VALLEY,  SOUTHWESTERN 
UTAH.  AND  CENTRAL  WYOMING. 

The  lithologic  succession  in  Green  River 
valley  affords  an  interesting  comparison  with 
that  of  southwestern  Utah  and  that  of  central 
Wyoming.  In  general,  the  information  avail- 
able would  not  justify  a  statement  that  the 
units  compared  are  strictly  chronologic  equivar 
lents,  for  in  the  greater  parts  of  the  respective 
stratigraphic  columns  close  paleontologic  corre- 
lations are  not  possible.  A  similarity  in  the 
succession  of  lithologic  units  may  be  pointed 
out,  however.  The  thicknesses  of  the  individual 
Uthologic  units  compared  with  one  another 
may  diflfer  greatly,  owing  to  diflFerences  in  the 
length  of  the  time  interval  represented  by  the 
units  compared  or  to  diflFerences  in  the  con- 
temporaneous rate  of  deposition  in  the  respec- 
tive areas  or  to  both  causes  at  once. 

It  has  seemed  the  best  method  to  make  such 
a  comparison  by  arranging  the  names  in  current 
use  in  three  vertical  columns  with  horizontal 
lines  including  the  units  compared  and  with 
such  comment  as  may  be  made  appended  as 
notes. 


Comparison  of  the  series  of  lithologic  units  recognized  in  Green  River  valley  vnth  those  in  southwestern  Utah  and  central 

Wyoming. 


Age. 

Southwestern  Utah. 

Qreen  River  valley. 

Central  Wyoming. 

Note. 

Pink  Cliff  series  of  Dutton. 

Uinta  formation. 
Bridger  formation. 

Uinta  formation. 
Bridger  formation. 

Tertiary 
(E^ocene). 

Green  River  formation. 

Wasatch 

Wind  River 
formation. 

(«) 

Wasatch  formation. 

formation. 

"  Post-Laramie' '  formation. 

Fort  Union  formation. 

• 

w 

Tflrtiaiy? 

*  *  Laramie ' '  formation . 

Lance  formation. 

Shales  and   sandstones  vari- 
ously named. « 

Lewis  shale. 

Lewis  shale. 

(<=) 

Mesaverde  formation. 

Mesaverde  formation. 

(«») 

Cretaceous. 

Hilliard  shale. 

Steele  shale. 
Niobrara  formation. 
Carlile  shale. 

Frontier  formation  of  Schultz. 

Frontier  formation. 

(/) 

Aspen  shale  of  Schultz. 

Mowry  shale. 
Thermopolis  shale. 

(») 

(See  footnotes  on  pp.  48, 49.) 
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Comparison  of  the  series  of  lithologic  units  recognized  in  Green  River  valley  with  those  in  sotuhwestem  Utah  and  central 

Wyoming — Continued . 


Age. 


CretaceouB. 


OetaceouB? 


Jurassic. 


Tiiasedc 


Permian. 


Pennsyl- 
vanian. 


MiasiaBippian. 


Cambrian. 


Pre-Cam  - 
brian. 


Southwestern  Utah. 


Sandstone. 
Variegated  shale. 


Marine  Upper  Jurassic. 


\^Tiite  Cliff  sandstone. 
Vermilion  Cliff  sandstone. 


Chinle  formation. 
Shinarump  conglomerate. 


Moenkopi  formation. 


Kaibab  limestone. 
Coconino  sandstone. 
Hermit  shale. 


Supai  formation. 


Red  wall  limestone. 


Muav  lime 
stone. 


Tonto  group.      "'^F^V^"S«' 


shale. 


Tapeats  sand- 
stone. 


Pre-Cambrian. 


Grceo  River  valley. 


Beckwith  for- 
mation of 
Schultz. 


Dakota(?)  for- 
mation. 

Morrison  for- 
mation. 


Twin  Creek  limestone  of 
Schultz. 


Nugget  sandstone  of  Schultz. 


Ankareh  shale  of  Schultz. 


Thavnes(?)  formation  of 

Schultz. 
Woodside  shale  of  Schultz. 


Park  City  formation. 


Weber  sandstone. 


Pennsylvanian  limestone. 


Mississippian  limestone. 


Central  Wyoming. 


Cleverly  formation. 
Morrison  formation. 


Sundance  formation. 


Jelm  formation. 


Chugwater  formation. 


Phoephoria  formation. 


AbsentC?). 


Tensleep  sandstone. 


Amsden  formation. 


Madison  limestone. 


(?) 


Lodore  formation,  i  Shale 


Sandstone. 


*  •  Uinta  formation . ' ' 


Gallatin  limestone. 


Grofl  Ventre  shale. 


Flathead  quartzite. 


Pre-Cambrian. 


Note. 


(*) 


(<) 


U) 


(») 


(0 


(») 


(•) 


;  (•) 


(p) 


a  The  exact  equivalent  in  time  of  the  Pink  Cliff  series 
of  Dutton  is  uncertain,  but  it  probably  represents  some 
part  of  the  Wasatch  formation  with  |)osBibly  some  later 
beds.  The  Green  River  formation  and  the  Wind  River 
have  little  in  common  except  stratigraphic  |X)sition ;  it  is 
also  probable  that  the  Wasatch  and  Wind  River  formations 
are  in  part  contemporary. 

''The  "post^ Laramie"  formation  and  the  Fort  Union 
formation,  beaidee  having  a  similar  strati^phic  position, 


contain  the  Fort  Union  flora.  The  "I^u'amie*'  formation 
contains  the  l^aramie  flora  and  the  Lance  formation  the 
Fort  Union  flora  and  are  supposed  on  that  ground  to  differ 
in  age.  Beds  older  than  Button's  Pink  Cliff  seiies  and 
younger  than  Cretaceous  are  not  known  in  southwestern 
Utah. 

c  The  Lewis  shale  is  a  somewhat  doubtful  unit  on  Green 
River.  There  is  no  well-defined  shale  unit  between  the 
Wasatch  beds  of  the  Hoan  Cliffs  and  the  Mesaverde  fonnm- 
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tion  of  the  Book  Clifib,  south  of  the  Uinta  Mountains,  that 
could  be  called  Lewis  shale.  North  of  the  mountains 
such  a  unit  is  mentioned  by  Gale  (U.S.  Geol.  Survey  Bull. 
341,  p.  310, 1909),  and  by  Schultz  (U.  S.  Geol.  Survey  Bull. 
702,  fig.  3,  1920),  but  no  description  is  given.  A  correla- 
tion of  the  Lewis  shale  of  the  Green  River  region  with  that 
of  central  Wyoming,  and  of  either  with  the  typical  Lewis 
shale  in  southwestern  Colorado  is  simply  a  loose  grouping 
of  lazge  shale  units  of  upper  Montana  age  and  does  not  im- 
ply identity  in  time  of  deposition. 

<<  It  ifl  not  known  that  the  Mesaverde  formation  of  the 
Book  Cliffs  occupies  the  same  time  interval  as  the  Mesa- 
v^e  formation  north  of  the  Uinta  Moimtains,  nor  that 
either  is  the  same  as  the  Mesaverde  formation  of  central 
Wyoming  or  of  the  typical  region  in  southwestern  Colo- 
rado. This  name,  like  Lewis,  has  been  loosely  used  and 
is  made  to  apply  practically  to  any  coal-bearing  formation 
within  the  Montana  group. 

«  The  Upper  Cretaceous  deposits  of  southern  Utah  are 
variable  in  constitution  and  have  been  classified  differ- 
ently by  different  geologists.  Much  still  remains  to  be 
learned,  and  I  do  not  venture  to  make  detailed  correla- 
tions. There  are  beds  that  in  a  loose  way  might  be  called 
Frontier,  others  that  might  be  called  Mesaverde,  and  still 
others  that  may  require  other  names. 

/The  Frontier  formation  of  the  Green  River  region 
is  a  thin  sandstone  imit  very  low  in  the  Colorado  group. 
It  can  hardly  be  really  the  same  as  the  much  thicker 
Frontier  formation  of  other  areas  except  under  the  loose 
application  of  the  name  to  any  sandy  unit  in  the  lower  part 
of  the  Colorado  group. 

fl'The  Aspen  shale  on  Green  River  has  exactly  the 
lithologic  character  of  the  Mowry  shale  of  Wyoming  but  is 
very  thin  and  rests  almost  directly  on  the  preceding  sand- 
stone (Dakota?)  without  any  suggestion  of  an  intervening 
shale  like  the  Thermopolis  shale. 

*The  Beckwith  formation  as  delimited  by  Schultz 
on  Green  River  contains  as  its  upper  member  a  con- 
glomeratic sandstone  that  would  certainly  be  mapped  as 
Cleverly  formation  in  Wyoming  or  Dakota  sandstone  in 
Colorado.  Whether  it  is  equivalent  only  to  the  Dakota 
sandstone  proper  or  contains  also,  like  the  Cleverly  for- 
mation, beds  of  probable  Ix)wer  Cretaceous  age,  can  not  be 
determined  in  the  absence  of  fossils.  The  Beckwith  be- 
neath this  upper  sandstone  contains  three  members  which 
together  seem  to  me  to  be  the  Morrison  formation  of  Colo- 
rado and  Wyoming.  Schultz  offers  two  different  correla- 
tions for  his  Beckwith  formation.  In  one  (U.  S.  Geol. 
Survey  Bull.  702,  tables  opposite  pp.  36  and  82,  1920) 
he  indicates  that  the  Dakota  sandstone  and  Cleverly  for- 
mation are  both  probably  absent  and  that  the  Beckwith 
formation  is  all  Morrison  in  age.  In  the  second  (idem,  pp. 
75-77)  he  expresses  the  belief  that  the  upper  sandstone  is 
equivalent  to  the  Dakota  sandstone  of  some  regions  and 
upper  Goverly  of  others,  that  the  upper  shale  and  middle 
conglomerate  are  equivalent  to  the  middle  and  lower  parts 
of  the  Cleverly  formation,  and  that  the  lower  shale  alone  is 
Morrison.  The  position  of  the  dinosaur  fauna  near  Jensen 
and  the  lithology  of  the  Cleverly  formation,  so  far  as  I 
know  it,  are  both  against  the  correlation  of  the  two  middle 
members  with  the  Cleverly  formation.  It  seems  also  very 
doubtful  to  me  whether  the  Beckwith  formation  of  the 


Green  River  region  is  really  comparable  to  the  beds  to 
which  the  name  Beckwith  is  applied  ftuther  west  in  Utah 
and  in  Idaho. 

<  W.  T.  Lee,  in  a  paper  now  awaiting  publication,  has 
adduced  abundant  evidence  to  indicate  that  the  Sun- 
dance formation  of  Wyoming,  as  usually  defined,  contains 
in  the  lower  part  the  equivalent  of  the  Nugget  sandstone  of 
the  Green  River  region  and  of  the  thick  Jurassic  sandstone 
unit  of  southern  Utah  believed  to  include  the  White  CUff 
and  Vermilion  Cliff  sandstones.  Some  writers  on  Wyo- 
ming stratigraphy  have  included  the  sandstone  in  the 
upper  part  of  the  Chugwater  formation,  but  its  structural 
relations  ally  it  more  with  the  overlying  than  the  under- 
lying beds.  The  Twin  Creek  limestone  of  the  Green 
River  r^on  is  the  lithologic  and  faunal  equivalent  of  the 
calcareous  beds  in  the  upper  part  of  the  Sundance.  It  is 
very  likely  that  the  Twin  Creek  formation  of  the  Green 
River  region  is  equivalent  to  only  a  small  part  of  the  beds 
to  which  the  name  was  originally  applied.  No  evidence 
of  any  other  marine  Jurassic  formation  than  the  Sundance 
was  observed  on  Green  River. 

i  The  correlation  suggested  by  stratigraphic  position  and 
structural  relations  between  the  Shinarump  and  Chinle 
formations,  the  Ankarch  shale  of  Schultz,  and  the  Jelm 
formation  is  largely  conjectural.  All  three  are  separated 
from  the  preceding  beds  by  an  unconformity.  The 
Shinarump  is  regarded  as  probably  Upper  Triassic;  the 
Chinle  and  Jelm  contain  vertebrate  remains  of  Upper 
Triassic  age;  the  Ankareh  formation  in  the  typical  region 
contains  in  the  lower  part  marine  invertebrates  of  Lower 
Triassic  age.  Whether  the  Ankareh  formation  of  the 
Green  River  region  is  the  same  as  the  typical  Ankareh 
may  well  be  questioned. 

^  A  correlation  of  the  Moenkopi  formation  and  the 
Woodside  and  Thaynes  (?)  formations  of  the  Green  River 
valley  rests  on  the  assumption  that  the  latter  beds  are 
really  the  equivalent  of  the  marine  Ix)wer  Triassic  forma- 
tions of  the  same  names  that  occur  in  the  western  Uinta 
region.  It  seems  to  me  that  the  assumption  is  very  prob- 
ably valid,  at  least  in  a  broad  sense,  even  though  continu- 
ous tracing  between  the  two  regions  is  not  possible.  The 
relation  of  the  Chugwater  formation  to  those  just  named 
is  more  doubtful,  though  the  presence  of  a  marine  lime- 
stone in  the  upper  part  of  the  Chugwater  is  difi&cult  to 
account  for  except  as  an  eastward  extension  of  the  marine 
Lower  Triassic  strata.  Another  point  of  difference  Ib 
that  the  Moenkopi  formation  is  imconformable  on  the 
preceding  beds,  whereas  the  Woodside  and  Chugwater 
formations  appear  to  be  conformable. 

2  The  equivalence  of  the  Kaibab  limestone,  Coconino 
sandstone,  and  Hermit  shale  on  the  one  hand  and  the 
Park  City  formation  on  the  other  is  not  supported  by 
direct  evidence.  The  Coconino  and  Hermit  are  placed 
in  the  Permian  on  the  basis  of  fossil  plants  in  the  Hermit 
formation  and  an  unconformity  beneath  it.  The  Kaibab 
limestone  has  a  marine  fauna  of  Permian  age,  and  so  has 
the  Park  City  formation,  in  its  upper  (Phosphoria)  part, 
but  there  are  very  few  species  in  common.  It  is  possible 
that  the  upper  (Phosphoria)  part  of  the  Park  City  forma- 
tion may  be  entirely  later  than  the  Kaibab  limestone, 
though  still  Permian,  as  the  Kaibab  is  followed  by  an 
unconformity  and  the  upper  part  of  the  Park  City  Ib 


so 
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believed  to  be  conformable  with  the  succeeding  beds. 
An  unconformity  is  known  in  places  in  southeastern 
Idaho  at  the  l)ase  of  the  Phosphoria  formation. 

»»  The  Tensleep  sandstone,  Weber  sandstone,  and  Supai 
formation  are  somewhat  variable  sandv  formations  that  in 
some  phases  are  very  much  alike  and  in  others  quite  dif- 
ferent. They  are  assigned  to  the  late  Pennsylvanian 
(Supai,  possibly  also  including  Permian)  and  probaldy 
do  not  differ  greatly  in  age. 

A  The  Kedwall  limestone,  as  originally  defined  from  its 
occurence  in  northern  Arizona,  contained  beds  of  l>oth 
Pennsylvanian  and  Mi8Bissi])pian  age,  but  in  recent  classi- 
fications the  Pennsylvanian  ])art  has  been  a<lded  to  the 
Supai  formation.  In  southern  Ttah  a  considerable  thick- 
ness of  calcareous  strata  beneath  the  sandy  IkjcIh  assigned 
to  the  Supai  formation  contains  Pennsylvanian  fossils. 


It  is  possible  also  that  there  are  in  Green  River  valley 
beds  of  upper  Mississippian  age,  which  in  Wyoming  in 
places  occur  in  the  lower  part  of  the  Amsden  formation 
and  above  the  Madison  limestone  (lower  Missifeippian). 

0  There  is  no  specific  evidence  for  correlating  the  Lodore 
formation  with  either  the  Tonto  group  or  the  Flathead, 
Gros  Ventre,  and  Gallatin  formations  of  central  Wyoming. 
All  three  liave  a  sandstone  at  the  base  followed  by  shales, 
the  gross  lithologic  features  of  which  are  similar.  If  there 
is  any  limestone  in  the  upper  part  of  the  Lodore  forma- 
tion, its  analogy  to  the  Tonto  and  Dead  wood  would  be 
com})Icto.  In  the  lield  I  considered  any  Umestone  beds 
to  belong  to  the  overlying  Carl)oniferous,  but  I  may  have 
been  mistaken. 

P  There  is  no  specific  evidence  to  show  that  the  "Uinta 
formation  '*  is  Cambrian  nor  that  it  is  ])re-Cambrian. 
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THE  EVOLUTION  AND  DISINTEGRATION  OF  MATTER, 


By  Frank  Wigglesworth  Clarke. 


INTRODUCTION. 

In  any  attempt  to  study  the  evolution  of 
matter  it  is  necessary  to  begin  with  its  simplest 
known  fonns,  the  so-called  chemical  elements. 
During  a  great  part  of  the  nineteenth  century 
many  philosophical  chemists  held  a  vague 
belief  that  these  elements  were  not  distinct 
entities  but  manifestations  of  one  primal  sub- 
stance—the protyle,  as  it  is  sometimes  called. 
Other  chemists,  more  conservative,  looked 
askance  at  all  such  speculations  and  held  fast  to 
what  they  regarded  as  established  facts.  To 
ihem  an  element  was  something  distinct  from 
other  kinds  of  matter,  a  substance  which  could 
neither  be  decomposed  nor  transmuted  into 
anything  else.  This  belief,  however,  was  based 
entirely  upon  negative  evidence — the  inade- 
quacy of  our  existing  resources  to  produce  such 
sweeping  changes.  Many  important  facts  were 
ignored,  and  especially  the  fact  that  the  ele- 
ments are  connected  by  very  intimate  relations, 
such  as  are  best  shown  in  the  periodic  law  of 
Mendel^f ,  who,  from  gaps  in  his  table  of  atomic 
weights,  predicted  the  existence  of  three  un- 
known metals,  which  have  since  been  dis- 
covered. For  these  metals,  scandium,  gallium, 
and  germanium,  he  foretold  not  only  their 
atomic  weights  but  also  their  most  character- 
istic physical  properties  and  the  sort  of  com- 
pounds that  each  one  would  form.  His 
prophecies  have  been  verified  in  every  essential 
particular.  One  obvious  conclusion  was  soon 
drawn  from  Mendel6ef's  ''law,"  although  he 
was  too  cautious  to  admit  it,  namely,  that  the 
chemical  elements  must  have  had  some  com- 
munity of  origin.  The  philosophical  specula- 
tions as  to  their  nature  were  fully  justified. 

In  1873  I  ventured  to  publish  the  suggestion 
that  the  evolution  of  planets  from  nebulae  was 
accompanied  by  an  evolution  of  the  chemical 
elements.^     The  validity  of  the  nebular  hypoth- 

1  Clarke,  F.  W.,  Evolution  and  the  spectroscope:  Pop.  Sci.  Monthly, 
Tanuary,  1873. 


esis  was  assimied,  and  the  progressive  chemi- 
cal complexity  of  the  heavenly  bodies  gave  my 
argimient  its  plausibility.  The  nebulae  are 
chemically  simple,  the  hotter  stars  more  com- 
plex, the  cooler  stars  and  the  Sun  still  more  so, 
and  the  solid  Earth  the  most  complicated  of  all. 
The  evidence  for  this  statement  was  foimd  in 
the  spectroscopic  researches  of  Huggins  and 
Secchi,  which  seemed  to  me  to  be  conclusive, 
although  defective  in  one  respect:  instead  of 
helium  in  the  nebulae  they  reported  nitrogen, 
for  helium  was  yet  to  be  discovered.  This 
defect,  however,  did  not  invalidate  my  conclu- 
sions, which  were  promptly  denounced  as 
heretical  but  which  have  since  been  itccepted  as 
quite  orthodox.  Nearly  a  year  later  Lockyier  ' 
put  forth  an  analogous  suggestion,  based  upon 
evidence  of  the  same  sort  but  starting  from  the 
other  end.  That  is,  he  assumed  that  in  the 
hotter  stars  the  elements  were  dissociated,  and 
hi^  suggestion  was  received  with  a  good  deal  of 
favor.  As  to  the  origin  of  the  dissociated  ele- 
ments he  had  nothing  to  say.  Th&t  the  ele- 
ments are  really  decomposable  was  the  sub- 
stance of  his  suggestion,  which  he  followed  up 
in  detail  in  his  later  publications.  < 

With  the  discovery  of  radioactivity  by  Bec- 
querel  and  of  radium  by  Madame  Curie  a  new 
era  in  chemistry  began.  It  was  at  once  found 
that  at  least  some  of  the  elements  were  really 
unstable;  and  the  evolution  of  helium  from 
radium,  discovered  by  Ramsay  and  Soddy, 
made  the  evidence  complete.  A  derivation  of 
one  element  from  another  had  actually  been 
observed. 

These  discoveries  opened  a  new  field  of 
research;  and  it  was  soon  found  that  the 
elements  at  the  top  of  the  atomic-weight  scale, 
namely,  uranium  and  thorium,  are  spontane- 
ously but  slowly  decaying,  yielding  more  than 
thirty  new  substances  which  differ  widely  in 

*  Lockyer,  J.  N.,  Roy.  Soc.  Proc.,  yoL21.  p.  ,S13;  paper  dated  Nor.  ao, 
1873. 
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stability.  To  each  one  a  half-life  period  is 
assigned,  some  of  them  measured  in  thousands 
of  years,  others  in  fractions  of  a  second.  Among 
these  substances  axe  two  new  varieties  of  lead — 
one  derived  from  uranium,  the  other  from 
thorium — ^which  chemically  are  not  distinguish- 
able from  ordinary  or  normal  lead  except  by 
differences  in  their  atomic  weight  and  their 
specific  gravity.  The  lead  from  thorium  has 
an  atomic  weight  about  a  unit  higher  and 
that  from  uranium  about  a  unit  lower  than  the 
atomic  weight  of  normal  lead.  To  this  class 
of  facts  I  shall  recur  later,  as  evidence  in  sup- 
port of  my  arguments.  That  chemical  elements 
can  decay  is  the  essential  fact  to  be  remem- 
bered. 

That  the  chemical  elements  were  formed  by 
a  process  of  evolution  from  the  simplest  forms 
of  matter  can  hardly  be  doubted  now,  but  the 
process  is  not  yet  ended.  They  were  developed 
at  high  temperatures;  but  when  a.  certain  stage 
was  reached  in  the  cooling  mass  they  began  to 
combine  with  one  another  to  form  the  new 
class  of  substances  which  axe  known  as  com- 
pounds. These  substances  obviously  represent 
an  advanced  degree  of  complexity,  with  corre- 
sponding instability;  and  with  varying  condi- 
tions both  combination  and  decomposition, 
such  as  axe  reproducible  by  himian  agencies, 
constantly  occur.  By  this  extension  of  the 
evolutionary  process  the  solid  Earth  was  built 
up,  but  in  principle  the  process  is  the  same 
throughout.  From  the  formation  of  the  first 
elements  to  the  chemical  changes  now  taking 
place  upon  the  Earth  there  is  no  real  interrup- 
tion. One  line  of  progress  has  been  followed 
xmtil  a  maximum  of  natural  complexity  and 
instability  is  reached  in  the  organic  compounds 
that  form  the  basis  of  all  physical  life,  whether 
vegetable  or  animal.  The  same  fundamental 
matter,  governed  by  the  same  fundamental 
lavrs,  appears  from  beginning  to  end  of  the 
evolutionary  process. 

THE  EVOLUTION  OF  THE  CHEMICAL  ELEMENTS. 

In  any  attempt  to  discuss  the  evolution  of 
the  chemical  elements  we  have  for  guidance 
some  facts  and  many  analogies.  That  the 
.most  complex  elements  are  unstable  we  have 
already  seen,  and  it  is  suspected  that  all  the 
others  follow  the  same  rule.  Potassium  and 
rubidium   are  feebly  radioactive,    a   property 


which  is  an  evidence  of  instability,  and  other 
confirmatory  evidence  will  be  cited  later. 
Stability,  however,  is  a  relative  term,  and  a 
substance  that  is  stable  under  certain  con- 
ditions becomes  unstable  imder  others.  The 
prime  factors  that  determine  external  stability 
are  temperature,  pressure,  and  chemical  en- 
vironment. For  example,  some  compounds 
that  are  stable  in  anhydrous  surroundings  are 
decomposed  in  presence  of  water.  Calcium 
carbonate,  under  ordinary  conditions,  is  divided 
at  high  temperatures  into  carbon  dioxide  and 
lime,  but  heated  in  a  steel  bomb  it  no.t  piily 
remains  undecomposed  but  may  even  be 
melted,  to  form  upon  cooling  a  crystalline 
marble.  Examples  like  this  might  be  multi- 
plied indefinitely.  As  a  rule  stability  dimin- 
ishes with  increasing  temperature  but  is 
favored  by  increased  pressure.  We  may  also 
assume  that  the  more  symmetrical  an  atom 
or  compound  is  the  more  stable  it  is  likely  to  be. 
Now,  to  return  to  our  main  problem,  was 
the  evolution  of  the  elements  a  regular  pro- 
gression, such  as  might  be  represented  by  a 
smooth  curve  or  a  straight  line;  or  was  it 
irregular  and  quite  independent  of  their  order 
in  the  scale  of  atomic  weights?  To  answer 
this  question  we  must  try  to  imagine  what 
happened  in  the  development  of  the  larger 
masses,  the  nebulae  and  the  stars.  On  tihis 
subject  there  is  a  plausible  hypothesis  which 
has  been  favored  by  many  astronomers — 
namely,  that  the  nebula  at  first  was  relatively 
cool,  that  the  temperature  gradually  rose  to 
that  of  the  hottest  stars  and  then  regularly 
declined  to  that  of  the  end  product  of  the  series, 
the  solid  planet.  A  gaseous  mass,  contracting 
under  the  influence  of  gravitation,  became 
warmer;  at  its  center,  where  the  pressure 
was  greatest,  the  increasing  condensation 
generated  still  higher  degrees  of  temperature, 
until  a  luminous  nucleus  was  formed.  As 
condensation  went  on  with  increasing  inten- 
sities of  pressure,  the  temperature  continued 
to  rise  until  the  heat  generated  by  compression 
was  less  than  that  lost  by  radiation  into  space, 
wh(»n  cooling  began.  Although  this  hypothe- 
sis, in  its  crude  form,  is  not  universally  ac- 
cepted, it  nevertheless  gives  a  fair  conception 
of  that  part  of  the  evidence  with  which  we 
are  now  concerned.  The  process  of  evolution 
from  cool  to  hot  and  then  to  cool  again  is 
fairly  outlined.     The  nucleus  of  the  original 
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nebula  has  its  modem  representative  in  the 
Sun. 

In  all  the  foregoing  discussion  it  has  been 
tacitly  assumed  that  the  nebula  from  which 
the  solar  system  was  developed  was  similar  in 
all  essential  respects  to  the  planetary  nebulae. 
The  latter,  as  shown  by  their  spectra,  consist 
mainly  of  hydrogen,  helium,  and  nebulium, 
with  slight  traces  in  some  of  them  of  carbon, 
nitrogen,  and  perhaps  other  elements.  Nebu- 
lium is  known  only  from  its  lines  in  the  spec- 
trum, and  its  atomic  weight  has  been  estimated 
by  Fabry  and  Buisson  as  2.7,  placing  it  be- 
tween hydrogen  and  helium.  In  any  further 
study  of  relations  between  the  atomic  weights 
of  the  elements,  nebulium  must  be  taken  into 
account,  and  perhaps  also  coronium,  so  called 
from  its  lines  in  the  spectrum  of  the  solar 
corona.  From  its  position  in  the  corona  it  is 
assumed  to  be  lighter  than  hydrogen  and  so 
Would  seem  to  be  an  even  more  primitive  ele- 
ment. That  possibility  can  not  be  considered 
here;  we  must  limit  ourselves  to  the  condi- 
tions actually  seen  in  the  nebulae.  No  assump- 
tion is  made  as  to  the  possible  ancestry  of  the 
nebular  elements;  they  are  the  visible  begin- 
nings. 

Passing  from  the  nebulae  to  the  stars  and 
finally  to  the  planets,  the  course  of  evolution 
has  been  one  of  uninterrupted  gradations. 
There  are  no  sharp  lines  of  demarcation  be- 
tween one  class  and  another.  As  for  the  ele- 
ments their  evolution  has  been  admirably  sum- 
marized by  Campbell  "^  in  his  lectures  on  the  evo- 
lution of  the  stars.  Without  literal  quotation 
and  accepting  the  Harvard  classification  of  the 
stars,  I  may  briefly  outline  Campbell's  summary 
as  follows:  After  the  gaseous  nebulae  there  are 
first  the  blue  stars  of  classes  A  and  B.  In 
class  B,  known  as  the  helium  stars,  the  hydro- 
gen and  helium  lines  are  conspicuous,  and  in 
their  later  stages  silicon,  oxygen,  and  nitrogen 
are  represented  by  a  few  absorption  lines.  In 
class  A  the  hydrogen  lines  are  the  most  promi- 
nent, and  helium  has  nearly  disappeared. 
Lines  of  magnesium  and  calcium  are  also  con- 
spicuous, and  those  of  iron  and  titanium  are 
b^inning  to  appear. 

In  the  spectra  of  stars  of  class  F,  the  bluish- 
yellow  stars,  the  metallic  lines  increase  rapidly 
in  prominence;  and  in  those  of  the  yellow  stars 

'Campbell,  W.  W.,  Pop.  Sci.  Monthly,  vol.  87,  p.  209,  1915;  Sci. 
Monthly,  vol.  1,  pp.  1, 177,  238. 1915. 


of  class  G  they  appear  in  great  number.  Hy- 
drogen is  much  less  conspicuous.  In  the  spec- 
tra of  the  reddish-yellow  stars  of  class  K,  which 
are  weak  in  violet  light,  the  metallic  lines  are 
more  evident,  and  still  more  in  those  of  the 
red  stars  of  class  M,  in  which  the  spectra  also 
show  absorption  bands  attributed  to  titanium 
oxide.  In  the  spectra  of  the  very  red  stars  of 
class  N  the  violet  end  of  the  spectrum  is  al- 
most entirely  lacking,  the  metallic  absorption 
is  very  strong,  and  bands  representing  carbon 
oxides  are  conspicuous. 

Such,  in  brief,  was  the  probable  course  of 
elemental  evolution  in  the  passage  from  a  gase- 
ous nebula  to  the  coolest  and  oldest  stars.  It 
is  not  necessary  for  my  purpose  to  go  more 
into  detail  on  this  phase  of  my  subject.  The 
literature  relative  to  solar  and  stellar  spectra 
is  very  extensive  and  is  steadily  increasing  in 
volume.  It  involves  many  questions  that  I 
can  not  attempt  to  consider,  even  if  I  felt  my- 
self competent  to*  do  so.  That  the  evolution 
of  the  elements  has  actually  taken  place  seems 
to  be  established,  and  I  must  limit  myiself  to 
some  of  the  chemical  problems  that  are  sug- 
gested by  it. 

Now,  it  is  easy  to  see  that  in  the  process  of 
evolution  from  nebula  to  Sun  an  orderly  devel- 
opment of  the  elements  could  hardly  have  been 
possible.  With  changing  pressure,  changing 
temperature,  and  changing  environment  all 
the  conditions  required  for  a'  regular  progres- 
sion according  to  the  order  of  the  atomic 
weights  were  lacking.  In  the  hotter  stars  only 
the  simplest  and  most  stable  elements  were 
formed,  and  these  in  the  greatest  abimdance. 
We  have  already  seen  that  magnesium,  calcium, 
titanium,  and  iron  were  among  the  earliest  to 
appear,  and  that  the  others,  between  helium 
(atomic  weight  4)  and  iron,  either  came  later 
or  were  developed  at  first  in  much  smaller 
quantities.  As  cooling  went  on  more  and  more 
elements  were  generated,  and  in  the  Sim  all 
the  possible  elements  are  presumably  present, 
although  only  about  half  of  them  have  been 
actuallv  detected.  It  is  conceivable  that 
elements  of  different  degrees  of  stability  may 
have  been  formed  simultaneously,  one  in  that 
part  of  the  cooling  mass  where  the  temperature 
and  pressure  were  highest,  another  farther 
away  from  the  center,  under  less  rigorous  con- 
ditions. This  suggestion,  however,  is  some- 
thing which  can  not  be  proved.     If  the  three 
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nebular  elements  were  the  raw  material  from 
which  the  other  elements  were  built,  their 
relative  amounts  must  have  been  continually 
changing,  so  that  as  each  new  element  appeared 
a  new  environment  was  established  for  all  that 
followed.  At  some  time  earlv  in  the  course  of 
evolution  nebulium  seems  to  have  vanished, 
for  its  lines  do  not  appear  in  the  spectrum  of 
any  true  star.  Was  it  completely  absorbed 
in  building  other  elements?  The  question  is 
easy,  to  ask  but  very  difficult  to  answer. 

That  the  cooling  of  a  star  made  the  formation 
of  the  less  stable  elements  possible  has  already 
been  assumed.  But  was  the  rate  of  cooling 
uniform,  or  was  it  subject  to  fluctuations? 
To  answer  this  question  we  must  bear  in  mind 
the  clear  distinction  between  atoms  and  mole- 
cules, for  here  the  elements  as  we  know  them 
differ  widely.  Some  molecules,  like  those  of 
zinc,  cadmium,  mercury,  and  the  inert  gases 
of  the  helium  group,  are  monatomic.  Hydro- 
gen, nitrogen,  oxygen,  chlorine,  bromine,  and 
iodine  are  diatomic.  Phosphorus  and  arsenic 
are  tetratomic,  and  so  on.  For  most  of  the 
elements  we  lack  the  positive  information 
which  we  have  for  those  just  named.  In  ordi- 
nary chemical  reactions  the  complex  mole- 
cules are  easily  decomposed,  and  at  high 
temperatures  also  decomposition  is  possible. 
The  molecule  of  iodine,  for  example,  is  disso- 
ciated into  its  atoms  at  about  1,700°  C,  a 
temperature  much  lower  than  that  of  even  the 
coolest  stars.  In  .the  hotter  stars  all  the 
elements  present  are  probably  in  the  atomic 
state,  a  considerable  fall  of  temperature  must 
take  place  before  even  diatomic  molecules  can 
be  formed,  and  they  may  be  regarded  as  a  very 
primitive  order  of  compounds.  In  the  Sun 
and  the  cooler  stars  compounds  in  the  ordinary 
sense  of  the  term  begin  to  appear  and  certain 
obvious  consequences  follow. 

Whenever  two  or  more  free  atoms  unite  to 
form  a  chemical  compound  heat  is  given  out; 
and  in  most  such  unions,  as  in  the  formation  of 
water  from  its  elements,  condensation  has  also 
its  thermal  value.  I  must  here  emphasize  my 
use  of  the  expression  ''free  atoms,"  for  they 
alone  exist  in  the  hotter  stars.  Such  unions 
are  rarely  recognized  in  laboratory  experiments, 
which  deal  not  with  direct  combinations  but 
nearly  always  with  reactions.  The  heat  of  a 
reaction,  which  is  usually  called  the  heat  of 
formation  of  a  compound,  is  really  the  alge- 


braic sum  of  three  or  more  terms,  some  of 
which  are  positive  and  some  negative.  A  re- 
action may  be  endothermic  when  the  minus 
terms  are  in  excess,  as  in  the  formation  of 
hydriodic  acid  from  its  elements.  Here  the 
decomposition  of  the  hydrogen  and  iodine 
molecules  precedes  the  union  of  the  momen- 
tarilv  free  atoms. 

In  the  evolution  of  the  elements  we  have, 
then,  first  the  formation  of  individual  atoms, 
and  as  cooling  goes  on  their  union  into  diatomic 
and  polyatomic  molecules  becomes  possible. 
Heat  is  given  out,  and  the  rate  of  cooling  must 
be  somewhat  retarded.  Whether  the  retarda- 
tion is  great  or  small  it  is  impossible  to  say; 
but  some  increase  of  temperature,  even  if  it  is 
very  slight,  may  fairly  be  assimied.  In  short, 
the  rate  at  which  a  star  cools  is  in  all  proba- 
bility subject  to  fluctuations,  which  may  influ- 
ence the  development  of  the  more  complex  and 
less  stable  elements.  When  compounds,  as  we 
imderstand  them,  b^in  to  be  formed,  the  heat- 
ing effect  is  likely  to  be  relatively  larger.  The 
cooling  of  our  Sun  is  almost  certainly  subject 
to  this  sort  of  retardation,  and  so  its  existence 
as  a  heat-giving  luminary  may  be  considerably 
prolonged.  Heat  of  chemical  origin,  with  ito 
attendant  condensations,  must  be  taken  into 
account  in  any  serious  attempt  to  discover  the 
sources  of  solar  energy.  The  formation  of 
molecular  from  atomic  hydrogen  would  alone 
give  out  a  vast  amount  of  heat,  about  82,000 
calories  per  gram-molecule.  The  supposed 
formation  of  helium  from  hydrogen  need  not  be 
considered.  The  helium  of  the  Sun  is  probably 
primordial. 

So  far  we  have  considered  only  the  astro- 
nomical evidence  relative  to  evolution,  but  that 
evidence  is  purely  qualitative.  For  quanti- 
tative data  we  must  study  the  so-called  atomic 
weights  and  their  relations,  chemical  and  physi- 
cal, with  one  another.  Tlie  atomic  weights,  it 
must  be  remembered,  are  not  absolute  quan- 
tities, for  no  single  atom  has  ever  been  directly 
weighed.  They  are  really  the  expression  of 
ratios,  one  element  being  assumed  as  a  stand- 
ard, with  which  the  others  can  be  compared,  by 
methods  that  are  so  well  known  that  it  is  not 
necessary  to  explain  them  here.  These  very 
elementary  considerations  are  cited  now  be- 
cause they  are  so  familiar  that  they  are  often 
unconsciously  ignored.  If  we  think  of  the 
atomic  weights  as  the  combining  numbers  of 
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the  elements—^that  is,  the  proportions  in  which 
each  one  unites  with  others — it  may  be  easier 
to  avoid  confusion  of  ideas. 

At  least  three  different  standards  of  atomic 
weight  have  actually  been  in  use.  In  the  Ber- 
zelian  system  the  atomic  weight  of  oxygen  was 
taken  as  100,  but  that  led  to  figures  so  large  for 
most  of  the  elements  that  they  were  difficult  to 
remember  and  inconvenient  to  use.  The  sys- 
tem was  therefore  abandoned,  and  the  atomic 
weight  of  the  lightest  element,  hydrogen,  was 
assumed  as  unity,  a  much  more  natural  and 
satisfactory  plan  than  that  of  Berzelius.  The 
hydrogen  imit,  H=  1,  was  in  general  acceptance 
imtil  about  30  years  ago,  and  it  is  still  regarded 
favorably  by  many  chemists.  The  only  objec- 
tion to  it,  at  least  imtil  recently,  was  that  very 
few  of  the  atomic  weights  appeared  as  whole 
numbers,  and  the  fractional  parts  were  some- 
what annoying.  There  was  therefore  a  ten- 
dency among  practical  chemists  to  round  the 
figures  oflF  to  the  nearest  integers,  for  in  many 
kinds  of  analytical  work  greater  accuracy  was 
not  required. 

On  the  hydrogen  scale  the  atomic  weight 
of  oxygen  is  15.876,  or  nearly  16,  a  figure 
which  is  the  basis  of  the  system  of  atomic 
weights  now  generally  used.  With  0=16  a 
considerable  number  of  other  atomic  weights 
bcicome  close  approximations  to  whole  num- 
bers and  therefore  more  convenient  to  handle. 
That  is  the  principal  reason  why  the  oxygen 
standard  has  been  so  commonly  accepted  by 
chemists.  This  reason  would  be  more  valid 
if  determinations  of  atomic  weight  had  been 
made  by  du'ect  comparison  with  oxygen, 
whereas  as  a  matter  of  fact  comparatively 
few  such  determinations  have  been  at  all  sat- 
isfactory. With  some  exceptions,  by  far  the 
larger  number  of  the  best  modem  determina- 
tions have  been  indirect,  with  silver,  chlorine, 
and  bromine  as  intermediaries.  This  indirec- 
tion, however,  does  not  imply  inaccuracy.  The 
actual  measurements  are  those  of  ratios.  To 
discuss  this  subject  in  detail  would  take  me 
too  far  from  my  main  theme. 

We  have  already  seen  that  hydrogen  and 
hehum  are  the  two  oldest  elements  of  which  wc 
have  any  direct  experimental  knowledge.  They 
also  have  the  lowest  atomic  weight  and  are 
therefore  the  simplest.  The  astronomical  and 
chemical  lines  of  evidence  are  in  complete  har- 
mony.   Nebuhum  may  be  left  temporarily  out 


of  accoimt.  Hydrogen  and  helium,  then,  are 
the  two  elements  with  which  to  begin  any 
detailed  study  of  elemental  evolution.  The 
atomic  weight  of  hydrogen,  1.0078,  is  the 
starting  point,  with  heUum  next  in  order. 
From  these  elements  all  other  forms  of  matter 
may  have  been  derived.  There  is  much  evi- 
dence in  favor  of  this  suggestion,  although  any- 
thing like  absolute  proof  is  lacking  and  perhaps 
unattainable. 

Of  the  mechanism  of  the  processes  by  which 
the  elements  were  built  up  we  have  no  positive 
knowledge.  It  is,  however,  in  the  highest 
degree  probable  that  they  were  formed  imder 
extremely  high  temperatures  and  pressures,  such 
as  we  can  not  hope  to  reproduce  experimentally. 
That  the  evolution  of  the  elements  was  accom- 
panied by  a  progressive  condensation  is  evident; 
and  it  is  also  clear  that  the  contraction  from 
the  primal  highly  attenuated  nebula  to  the 
solid  planet  was  something  enormous — so  great 
that  we  can  form  no  definite  conception  of  its 
magnitude. 

The  two  most  promising  lines  of  quantitative 
attack  upon  the  problem  of  elementary  evolu- 
tion are  as  follows:  One  begins  with  a  study 
of  the  numerical  relations  between  the  atomic 
weights  of  the  elements,  and  the  other  with 
attempts  to  determine  the  structure  of  the 
atoms.  I  cite  these  in  their  historical  order, 
which  is  not  necessarily  the  one  of  greatest 
importance.  The  atomic  theory  was  still  in 
its  infancy  when  in  1815  Prout  suggested  that 
all  the  atomic  weights  were  whole  numbers, 
based  upon  hydrogen  as  unity.  Hydrogen, 
then,  was  the  primordial  element  from  which 
all  others  were  derived.  As  most  of  the  early 
determinations  of  atomic  weight  were  rather 
crude  and  many  of  them  close  to  integers, 
Prout's  hypothesis  was  quite  plausible.  As  the 
determinations  became  more  exact  it  was 
found  that  few  atomic  weights  were  integral 
and  that  many  of  them  differed  widely  from 
whole  numbers.  Prout  s  hypothesis  was  there- 
fore set  aside,  although  it  has  recently  been 
revived  upon  a  different  foundation. 

Since  the  time  of  Prout  numberless  attempts 
have  been  made  to  trace  relationships  between 
the  atomic  weights,  but  only  a  few  of  them 
were  of  any  scientific  value.  The  subject  was 
a  favorite  one  for  a  certain  class  of  speculators, 
who  generally  started  with  preconceived  opin- 
ions as  to  what  atoms  ought  to  be.    Some 
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interesting  partial  relations  were  pointed  out 
by  competent  investigators,  but  the  first  ad- 
vance of  general  significance  was  the  reconstruc- 
tion of  the  entire  scheme  of  atomic  weights  by 
Cannizzaro,  which  brought  it  into  harmony 
with  the  law  of  Avogadro.  In  this  new  system 
the  old  chemical  equivalent  of  oxygen,  0  =  8, 
became  0=16,  the  present  standard  of  value. 
Definite  relations  between  the  atomic  weights 
now  began  to  appear  which  previously  were 
unsuspected,  and  these  found  expression  in 
the  "periodic  law''  of  Mendel^ef  and  the 
Lothar  Meyer  ciurve  of  atomic  volumes.     In 


both  generalizations  the  starting  point  was  the 
same,  and  the  atomic  weights  were  arranged 
in  the  order  of  increasing  magnitude,  from 
hydrogen  up  to  uranium;  or,  as  we  can  say 
now,  the  order  of  their  atomic  numbers,  an 
expression  which  has  become  si^iificant  only 
within  very  recent  years. 

The  periodic  law,  or  periodic  classification 
of  the  elements,  is  given  in  the  following  table. 
The  atomic  numbers  precede  the  symbols  of 
the  elements,  and  the  atomic  weights  are  given 
below  them.  A  different  placing  of  the  rare- 
earth  metals  will  be  considered  later. 


Periodic  table  of  the  elements. 


(The  upper  numflrals  In  the  headings  indicate  natural  groups;  the  lower  numerals  (arable)  indicate  valencies.    The  rar»«uth  eknieots  an 

inclosed  within  a  thick  line.] 
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The  significance  of  the  forgoing  table,  of 
which  there  are  many  variants,  is  evident  at  a 
glance.  The  elements  in  each  vertical  colmnn 
are  closely  allied,  forming  the  natural  groups 
with  which  all  chemists  are  familiar.  The  al- 
kaline metals,  the  series  calcium,  strontium, 
and  barium,  the  carbon  group,  and  the  halo- 
gens are  examples  of  this  regularity.  In  other 
words,  similar  elements  appear  at  regular  in- 
tervals and  occupy  similar  places.  If  we  fol- 
low any  horizontal  line  of  the  table  from  left 
to  right  we  find  a  progressive  change  of  valency, 
and  in  both  directions  we  find  a  systematic 
variation  of  properties.  Broadly  stated,  the 
properties  of  the  elements,  chemical  and  phys- 
ical, are  periodic  functions  of  their  atomic 
weights;  and  this  is  the  most  general  expres- 
sion of  the  \)eriodic  law.  At  certain  points  in 
the  table  gaps  are  left,  and  these  are  believed 
to  correspond  to  undiscovered  elements.  For 
three  of  the  spaces  that  were  vacant  when 
Mendel6ef  announced  the  law  he  made  specific 
predictions,  which,  as  has  already  been  stated, 
were  verified  by  the  discovery  of  scandium, 
gallium,  and  germanium.  Radium  and  the 
inert  gases,  much  more  recently  discovered,  all 
fall  into  their  proper  places  in  the  table  and 
give  additional  emphasis  to  its  validity. 
Place  No.  72  is  imdoubtedly  to  be  filled  by  the 
recently  discovered  element  termed  hafnium 
or  celtium,  two  names  which  are  at  present  in 
controversy.  The  names  assigned  to  Nos.  84, 
89,  and  91  are  provisional  only  and  may  not 
be  sustained.  The  elements  corresponding  to 
Nos.  43,  61,  75,  85,  and  87  are  as  yet  unknown, 
although  their  properties  can  be  predicted 
with  a  close  approach  to  certainty. 

The  periodic  table  is  also  very  suggestive  as 
regards  the  chemical  relations  and  modes  of 
occurrence  of  the  elements  in  nature.  In  the 
first  place,  the  members  of  the  same  elemen- 
tary group  have  similar  properties,  form  simi- 
lar compounds,  and  give  similar  reactions,  and 
because  of  these  conditions  they  are  commonly 
found  in  more  or  less  close  association.  Thus 
the  platinum  metals  arc  seldom  found  apart 
from  one  another;  chlorine,  bromine,  and 
iodine  occur  under  very  similar  conditions; 
selenium  is  found  in  native  sulphur;  cadmium 
is  extracted  from  ores  of  zinc ;  and  so  on  through 
a  long  list  of  regularities.  The  group  relations 
govern  many  of  the  associations  that  are 
actually  observed,  although  they  are  modified 

67839^—24 2, 


by  the  conditions  that  influence  chemical 
union.  Even  here,  however,  regularities  are 
still  apparent.  In  combination  unlike  ele- 
ments seek  one  another,  and  yet  there  appears 
to  be  a  preference  for  neighbors  of  approxi- 
mately equivalent  mass.  For  example,  silicon 
follows  aluminum  in  the  scale  of  atomic 
weights,  and  in  the  crust  of  the  earth  silicates 
of  aluminum  are  far  the  most  abundant  min- 
erals. An  even  more  striking  example  is  fur- 
nished by  the  series  oxygen,  sulphur,  selenium, 
and  tellurium.  Oxidized  compounds  of  many 
elements  are  found  in  the  mineral  kingdom, 
but  most  of  them  are  compounds  of  metals  of 
low  atomic  weight.  Above  manganese,  sul- 
phides are  abundant;  but  selenium  and  tellu- 
rium are  more  often  united  with  the  heavier 
metals  silver,  mercury,  lead,  or  bismuth,  and 
tellurium  with  gold.  The  elements  of  high 
atomic  weight  seem  to  seek  one  another,  a  ten- 
dency which  is  indicated  in  many  directions, 
even  though  it  may  not  be  stated  in  the  form 
of  a  precise  law.  The  general  rule  is  evident, 
but  its  full  significance  is  not  so  clear. 

One  phase  of  the  periodic  law,  equally  sug- 
gestive with  the  preceding  table,  is  shown  in 
Lothar  Meyer's  curve  of  atomic  volumes. 
When  these  volumes  are  plotted  against  the 
atomic  weights  they  give  a  curve  that  consists 
of  a  series  of  undulations  or  waves  of  consider- 
able amplitude.  On  these  waves  similar  ele- 
ments occupy  similar  positions — the  alkaline 
metals  at  the  crests,  the  heavier  metals  in  the 
depressions,  and  the  other  elements  in  orderly 
arrangement  between  these  extremes.  The 
regularities  are  very  striking  and  continue  as 
far  as  the  elements  of  the  rare-earth  group 
above  cerium,  where  the  waves  flatten  out, 
until  at  tantalum  the  curve  becomes  normal 
again.  wSimilar  curves  can  be  drawn  for  other 
physical  properties  of  the  elements,  with  simi- 
lar results.  Richards,*  for  example,  has  super- 
imposed upon  the  curve  of  atomic  volumes 
curves  representing  compressibilities,  coefli- 
cients  of  cubical  expansion,  and  the  reciprocals 
of  the  melting  points.  All  four  curves  are 
similar  in  t3rpe  and  show  the  same  periodicity. 
They  are  somewhat  ragged,  but  nevertheless 
they  tell  the  same  story.  The  irregularities 
are  due  partly  to  defective  data  and  partly  to 
the  fact  that  the  physical  constants  were  not 

4  Richards.  T.  W..  Am.  Chem.  Soc.  Jour.,  vol.  37,  p.  1649, 1915. 
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determined  under  strictly  equivalent  condi- 
tions. The  atomic  volumes,  which  are  the 
ratios  between  the  atomic  weights  and  the 
specific  gravities  of  the  solid  elements,  are 
especially  in  need  of  revision.  The  specific 
gravities  of  some  elements  were  determined  at 
temperatures  relatively  near  their  melting 
points,  those  of  others  at  temperatures  1,000 
or  more  degrees  below  them.  It  is  possible 
that  if  all  could  be  determined  at  points  near 
the  absolute  zero,  or,  as  an  alternative,  at 
points  just  below  the  temperature  of  fusion,  a 
smoother  curve  might  be  given. 

The  curve  of  atomic  volumes,  as  given  in 
Plate  XXII,  is  reproduced,  with  the  au thorns 
permission,  from  Professor  A.  W.  Stewart ^s 
volume  "Some  physico-chemical  themes'' 
(London,  1922).  In  one  respect  it  is  likely  to 
be  misleading.  The  atomic  volumes  are  calcu- 
lated from  the  atomic  weights,  not  from  the 
atomic  numbers. 

In  the  region  of  the  rare-earth  metals,  be- 
tween cerium  and  tantalimoi,  the  regular  evolu- 
tion of  the  elements  seems  to  have  been 
interrupted,  so  that  a  systematic  periodicity  is 
no  longer  evident.  These  metals  all  resemble 
one  another  very  closely  and  form  compoimds 
of  similar  type.  Their  normal  oxides  are  all 
of  the  form  R2O8,  their  chlorides  are  RCI3,  and 
so  on,  and  they  are  therefore  to  be  considered 
trivalent.  Ceriimi,  however,  which  is  a  mem- 
ber of  this  group,  also  forms  a  dioxide,  and  it 
is  therefore  possibly  quadrivalent,  although 
most  of  its  compounds  are  of  the  trivnlent 
type.  The  earUer  elements  of  the  group, 
which  appear  in  the  periodic  scheme — namely, 
scandium,  yttrium,  and  lanthanum — are  all 
normal. 

Furthermore,  the  rare  earths  occur  in  nature 
under  similar  conditions,  they  are  almost 
everywhere  intimately  associated,  they  are 
difficult  to  separate,  and  their  oxides  are  not 
easily  reducible  to  metals.  These  very  inti- 
mate relations  need  to  be  explained,  and  the 
curious  flattening  of  the  Lothar  Meyer  curve 
in  the  part  of  the  atomic-weight  scale  which 
the  rare-earth  metals  occupy  gives  us  a  clue 
to  their  mode  of  origin.  It  is  evident  that 
they  must  have  been  formed  under  very  similar 
conditions,  which  changed  but  slightly  as  the 
atomic  weights  increased.  In  other  words, 
the  conditions  were  nearly  constant,  but  not 
quite,  for  with  absolute  constancy  there  would 


have  been  only  one  element  generated  instead 
of  at  least  a  dozen. 

The  two  preceding  paragraphs  lead  at  once 
to  a  very  simple  hypothesis.  In  the  course  of 
evolution  from  the  hottest  to  the  coolest  stare 
there  was  probably  a  period  of  undeterminable 
duration  when  the  rate  of  cooUng  and  con- 
densation was  in  some  unknown  way  retarded, 
so  that  the  conditions  became  nearly  imifonn. 
During  this  period,  which  was  followed  by  one 
of  increased  activity,  the  elements  of  the  rare- 
earth  group  were  formed.  This  hypothesis 
gives  a  rational  explanation  of  the  known 
facts  concerning  these  elements  and  is  there- 
fore, despite  its  speculative  feature,  legitimate. 
If  it  is  sound,  then  the  elements  of  the  rare- 
earth  series  should  appear  in  the  periodic  table 
as  prolonging  the  trivalent  group,'  and  not  be 
scattered  under  other  groups  to  which  they 
can  not  possibly  belong.* 

One  more  curiously  suggestive  relation  con- 
necting three  distinct  groups  of  elements 
deserves  consideration  here.  The  halogens,  F, 
CI,  Br,  I,  are  strongly  electronegative;  the 
alkaUne  metals,  Li,  Na,  K,  Rb,  Cs,  are  strongly 
electropositive;  and  these  two  groups  are 
separated  by  the  inert  gases.  He,  Ne,  A,  Kr, 
Xe.  So  we  have  the  following  triads:  F,  Ne, 
Na;  CI,  A,  K;  Br,  Kr,  Rb;  I,  Xe,  Cs.  The 
atomic  weights  in  each  triad  are  consecutive. 
Another  probable  triad  is  incomplete;  only 
He  and  Li  are  known.  One  more  electro- 
negative element  is  needed  here,  which  should 
be  a  gas  of  greater  chemical  activity  than 
fluorine  and  of  lower  atomic  weight.  Is 
nebulium,  with  atomic  weight  near  2.7,  the 
missing  member?  If  so  its  chemical  activity 
might  account  for  the  nonappearance  of  its 
lines  in  the  stellar  spectra.  Was  it  used  in 
building  other  elements?  That  question  I 
have  asked  already,  but  it  is  not  yet  answered. 
Here  we  enter  the  realm  of  pure  speculation, 
the  foundations  of  which  are  insecure.  Specu- 
lation is  of  value  only  in  so  far  as  it  is  sug- 
gestive. The  intervention  of  the  inert  gases 
between  two  groups  of  great  chemical  activity 
is  well  established,  but  I  must  leave  its  explana- 
tion  to  physicists  and  mathematicians. 

Although  the  periodic  classification  of  the 
elements  is  now  thoroughly  established,  there 

^  In  this  mode  of  placing  the  rare-earth  metals,  I  find  that  I  have  ben 
anticipated  by  Dr.  C.  Rent  (Zeitschr.  anorg.  allgem.  Chemie,  voL  Ifl, 
p.  143, 1922).    My  Interpretation  of  the  scheme  is,  I  think,  new. 
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are  certain  details  of  it  that  remain  to'  be 
adequately*  investigated.  The  numerical  rela- 
tions between  the  atomic  weights  can  not  at 
present  be  discussed  with  any  approach  to 
finality.  The  problem  is  complicated  by  fre- 
quent changes — for  example,  within  the  last 
two  or  three  years  the  atomic  weight  of 
scandium  has  been  raised  from  44  to  45,  that 
of  bismuth  from  208  to  209,  and  that  of 
antimony  from  120.2  to  121.77.  Recent  in- 
vestigations relative  to  ''  isotopes  '^  have  thrown 
doubt  upon  the  definiteness  of  the  atomic 
weights  as  they  have  been  actually  determined; 
and  until  that  question  is  settled  experimentally 
the  true  numerical  relations  must  remain  un- 
certain. The  theoretical  atomic  weights  will 
be  considered  later." 

Now,  using  the  word  in  its  chemical  sense, 
let  us  ask:  What  is  an  atom?  Here  many 
loose  reasoners  have  gone  astray  and  have 
assumed  that  because  atoms  have  been  found 
to  be  decomposable,  the  atomic  theory  is 
overthrowA.  They  seem  to  regard  the  etymo- 
logical meaning  of  the  word  as  having  ultimate 
significance,  but  etymology  is  an  imsafe  guide 
in  the  discussion  of  scientific  problems.  The 
technical  significance  of  p  word  may  be  quite 
unrelated  to  its  etymological  history.  What, 
for  instance,  does  the  word  ''chloroform^' 
mean?    According  to  etymology,  a  green  ant! 

In  brief,  the  chemical  atoms  are  now  known 
to  be  complex,  ranging  from  the  comparatively 
simple  hydrogen  up  to  the  highly  complicated 
and  unstable  uranium.  Each  atom  is  supposed 
to  consist  of  an  electropositive  nucleus,  at- 
tended by  one  or  many  electrons  of  opposite 
sign.  In  the  hydrogen  atom  there  is  one 
''planetary''  electron,  in  helium  two,  and  so 
on  regularly  up  to  92  in  uranium,  at  the  present 
siunmit  of  the  atomic-weight  scale.  These 
electrons  are  also  supposed  to  be,  above  a 
certain  small  number  near  the  beginning  of 
the  scale,  arranged  in  rings  or  perhaps  con- 
centric shells  around  the  nuclei.  Whether 
they  are  revolving  about  the  nuclei,  like  planets 
aroimd  the  Sun,  or  are  relatively  at  rest  is  an 
open  question.  Jtfodels  that  show  the  struc- 
ture of  atoms  have  been  constructed,  but  they 
are  not  in  complete  agreement.  The  prevalent 
opinion  regards  each  atom   as  resembling  a 

*  For  a  very  complete  tusUH*y  of  the  periodic  law,  see  Venable,  F.  P., 
The  pwiodic  law,  Easton,  Pa.,  1SQ6— a  valuable  contribution  to  the 
history  of  chemistry. 


miniature  solar  system,  and  the  term  "planetary 
electrons"  is  used  to  distinguish  those  around 
the  nucleus  from  some  which  have  found  place 
within  it.     The  mass  of  an  atom  is  almost 

« 

entirely  concentrated  in  the  nucleus,  for  it 
is  known  that  the  weight  of  a  single  electron 
is  only  about  y^  of  that  of  an  atom  of  hydro- 
gen, or  0.00054  on  the  ordinary  scale  of  atomic 
weights. 

On  this  foundation  Rutherford  ^  has  erected 
his  scheme  of  elementary  evolution,  starting 
with  the  hydrogen  atom.  The  nucleus,  or 
''proton,"  and  the  single  electron  are  tal^en  as 
the  two  fundamental  constituents  of  all  matter, 
whether  element  or  compound,  and  these  units 
are  purely  electrical.  Front's  hypothesis  has 
come  to  life  again,  but  in  a  highly  modified 
form. 

The  next  important  step  in  the  study  of 
atomic  structure  was  taken  by  Moseley,*  who 
from  measurements  of  the  X-ray  spectra  of  the 
elements  discovered  relations  which  proved 
that  '*  there  is  in  the  atom  a  fundamental 
quantity  which  increases  by  regular  steps  as  we 
pass  from  one  element  to  the  next" — that  is, 
the  next  in  the  ascending  scale  of  atomic 
weight — and  that  '^this  quantity  can  only  be 
the  charge  on  the  central  positive  nucleus.'' 
That  charge  increases  with  increasing  atomic 
weight  and  so  follows  the  order  of  the  elements 
upward,  or  in  other  words  the  order  of  the 
atomic  numbers  H  1,  He  2,  Li  3  .  .  .  Ca 
20,  Zn  30,  and  so  on  up  to  U  92.  These  num- 
bers are  now  regarded  by  many  physicists  as 
.of  more  fundamental  importance  than  the 
atomic  weights  from  which  they  were  first  de- 
rived. In  the  series  of  atomic  numbers,  just 
as  in  the  periodic  law,  there  are  gaps  that  rep- 
resent undiscovered  elements.  There  is  no 
place  in  the  scheme,  however,  for  nebulium 
or  coronium.  The  atomic  numbers  may  have 
to  be  revised. 

Now,  without  rejecting  Moseley's  ''law,"  we 
must  admit  that  the  experimental  evidence  for 
it  is  incomplete.  The  region  of  the  metals  of 
the  rare  earths  needs  to  be  investigated,  so  as 
to  determine  whether  their  atoms  carry  elec- 
trical charges  in  the  order  demanded  by  the 
law.  Does  their  anomalous  character  show 
itself  here  ?    The  curious  relations  of  the  inert 

7  Rutherford.  Sir  Ernest,  Nature,  vol.  110,  p.  182, 1922. 
"  Moseley,  H.  O.  J.,  Phlloe.  Mag.,  6th  ser.,  vol.  26,  p.  1024, 1913;  vol.  27, 
p.  703,  1914. 
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gases,  which  have  ak^ady  been  pointed  out, 
also  need  explanation.  The  periodic  variations 
in  the  physical  properties  of  the  elements  also 
seem  to  require  adjustment  to  the  law.  The 
difficulties  thus  suggested  may  be  more  appar- 
ent than  real,  but  they  should  not  be  ignored. 

The  question  has  often  been  asked  whether 
the  atomic  weights  of  the  elements  are  definite 
constants,  or  merely  statistical  averages  of 
sUghtly  diflfering  values  ?  The  actual  determi- 
nations were  made  on  masses  of  material  con- 
taining millions  of  atoms,  which  may  or  may 
not  be  exactly  alike  but  are  tacitly  assumed  to 
be  so.  To  state  the  problem  in  different  form, 
what  are  the  elements  as  we  reallv  know  them  I 

In  a  remarkable  series  of  experiments  Aston  ° 
has  obtained  evidence,  which  he  regards  as 
proof,  of  the  complexity  of  the  atomic  weights 
as  determined  by  chemical  methods.  Power- 
ful positive  rays  in  a  magnetic  field  were  driven 
upon  a  number  of  elements,  which  then  gave 
on  photographic  plates  what  he  calls  their 
"mass  spectra.''  These  spectra  show  Unes 
corresponding  to  whole-number  atomic  weights, 
which,  with  some  exceptions,  represent  not 
the  accepted  values  but  some  higher  and  some 
lower.  The  new  Unes,  as  interpreted  by  Aston, 
are  due  to  ''isotopes,''  and  the  elements  yielding 
them  are  regarded  as  mixtures.  The  subject 
of  isotopes  I  shall  take  up  in  the  final  section 
of  this  paper,  where  it  properly  belongs.  A 
few  elements  gave  mass  spectra  of  single  lines, 
which  nearly  agreed  with  the  accepted  atomic 
weights,  and  these  Aston  defines  as  '^simple 
elements." 

From  the  evidence  furnished  by  the  mass 
spectra  Aston  concludes  that  all  the  true  atomic 
weights,  including  the  isotopes  but  excepting 
hydrogen,  are  whole  numbers.  This  rule  he 
regards  as  fundamental,  although  it  is  based 
on  0  =  16  as  the  standard  of  values.  But  this 
standard  was  originally  adopted  as  a  matter 
of  convenience  and  had  at  first  no  theoretical 
foundation.  It  seems,  therefore,  as  if  its  im- 
portance is  overrated.  Nevertheless  we  may 
assume  the  validitv  of  the  rule  and  see  how 

ft 

nearly  the  atomic  weights  of  some  of  the 
'^simple  elements"  conform  to  it.  That  is. 
How  far  do  the  real  atomic  weights  diverge 

•  Aston,  F.  W.,  Isotopes,  London,  1922.  In  this  volume  Aston  gives 
a  complete  summary  of  his  own  researches,  t<^ether  with  much  material 
relative  to  Rutherford's  work,  Moseley's  law,  the  periodic  system, and 
related  subjects. 


from    the   theoretical   whole   numbers?    The 
figures  are  given  in  the  following  table: 


Atomic  weight. 


Found. 


Glucinum I  9. 018 

Nitrojjen 14.008 

Aluminum 26. 963 

Phosphorus 31. 04 

Sulphur 32.06 

Arsenic 74.96 

Iodine |  126.92 

Caesium 132. 81 


Theo- 
retical. 


9.0 
14.0 
27.0 
31.0 
32.0 
75.0 
127.0 
133.0 


Diver- 
gence, 1 
part  in— 


500 

1,750 

730 

773 

540 

1,875 

1,588 

700 


These  divergences  are  too  large  to  be  ascrib- 
able  to  experimental  errors.  The  poorest  pf 
the  atomic-weight  determinations  cited  above 
is  probably  correct  within  1  part  in  3,000,  and 
that  of  nitrogen  is  trustworthy,  I  think,  within 
1  part  in  10,000.  I  base  my  opinion  on  a  care- 
ful study  of  the  methods  by  which  each  value 
was  determined  and  especially  on  their  con- 
cordance. 

That  the  real  and  the  ideal  rarely  coincide  is 
well  shown  in  the  preceding  table,  and  I  ven- 
ture to  cite  two  well-known  examples  of  such 
disagreement.  Avogadro's  law,  that  equal  vol- 
umes of  gases  under  equal  conditions  contain 
equal  numbers  of  molecules  is  rigorously  ap- 
plicable only  to  ideally  perfect  gases.  To  the 
real  gases  with  which  we  have  to  deal  the  law 
applies  approximately  and  is  subject  to  correc- 
tion by  the  two  small  constants  discovered  by 
Van  der  Waals.  The  law  of  electrolytic  dis- 
sociation is  true  only  for  infinitely  dilute  solu- 
tions, and  solutions  of  that  kind  do  not  come 
within  our  experience.  Under  working  con- 
ditions it  may  be  nearly  true.  Now,  if  the 
whole-number  rule  for  the  atomic  weights  is 
theoretically  sound,  a  supposition  which  is  not 
yet  proved,  we  may  have  to  assume  a  distinc- 
tion between  perfect  and  imperfect  elements, 
and  for  that  assumption  there  is  some  justifi- 
cation. Uranium,  as  we  know  it,  has  been 
slowly  decomposing  for  millions  of  years,  and 
the  uranium  that  remains  is  partly  decayed. 
The  atomic  weight  of  the  normal  element  as  it 
was  before  decay  began  is  quite  unknown. 
Thorium  offers  a  similar  example,  and  it  is  fur- 
thermore very  doubtful  whether  any  thorium 
exists  that  is  quite  free  from  ionium  of  cer- 
tainly  lower   atomic   weight.     In   short,   the 
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radioactive  elements  are  probably  all  imper- 
fect in  the  same  way.  Are  any  other  ele- 
ments defective  ?  That  we  can  not  say,  unless 
we  attempt  to  define  a  perfect  element.  Such 
an  element  should  be  absolutely  stable  and 
therefore  undecomposable,  and  only  the  primal 
protyle  would  satisfy  these  conditions.  Hy- 
drogen is  the  simplest  known  form  of  matter, 
but  is  there  nothing  simpler?  We  do  not 
know. 

In  Rutherford's  scheme  of  elementary  evo- 
lution he  uses  the  hydrogen  nucleus  with  its 
single  electron  as  a  primary  unit,  and  helium, 
with  four  protons  and  two  electrons,  as  a 
secondary  imit.  From  hydrogen  and  helium 
nuclei  and  electrons  the  complex  nuclei  of  all 
the  other  atoms  are  supposed  to  be  built  up. 
A  system  siniilar  to  this  has  been  developed  by 
Harkins,*®  who  assumes  another  hypothetical 
unit  of  mass  3,  composed  of  three  protons  and 
two  electrons.  This  new  imit  may  be  equiv- 
alent to  nebulium,  but  that  is  by  no  means 
certain.  The  system,  however,  works  well 
and  brings  out  some  interesting  relations 
between  the  atomic  weights,  which  may  be 
partly  real  and  partly  coincidental.  Ruther- 
ford seems  to  neglect  nebulium,  and  neither 
he  nor  Harkins  takes  into  account  coronium, 
of  imknown  atomic  weight.  Its  possible  im- 
portance, however,  ought  not  to  be  ignored. 
Coronium  surely  exists  and  must  play  some 
part  in  the  evolution  of  matter.  In  Nichol- 
son's scheme  of  elemental  evolution  "  coronium, 
nebulium,  and  a  hypothetical  protofluorine 
are  utilized  and  given  atomic  weights.  That 
of  coronium  is  assumed  to  be  a  little  more 
than  half  that  of  hydrogen. 

So  far  the  views  of  Rutherford  and  Harkins 
are  in  essential  harmony  with  the  astronomical 
evidence.  Hydrogen  and  helium  are  two 
primary  units  from  wliich  other  elements  were 
developed,  but  in  the  electrical  theory  an 
assumption  is  made  to  which  an  alternative 
hypothesis  is  possible.  The  helium  nucleus  is 
supposed  to  be  built  up  from  four  hydrogen 
nuclei  or  protons.  But  lie  =  4,  and  H  = 
1.0078;  so  that  4H  is  really  4.0312,  or  slightly 
less  if  the  loss  of  two  electrons  is  deducted. 
A  loss  of  mass  in  forming  helium  is  therefore 
assumed  and  is  explained  by  an  electro- 
magnetic    theory     of     "packing."     For     this 

M  Harkins,  W.  D.,  Phys.  Rev.,  2d  ser.,  vol.  15,  pp.  73, 141,  1920. 

u  Nicholson,  J.  W.,  Philos.  Mag.,  6th  ser.,  vol.  22,  p.  864,  1911.  Co- 
Fooium  and  nebulium  are  also  taken  into  aoooimt  by  Rydberfc  (Jour* 
ddm.  phys.,  vol.  12,  p.  585, 1914). 


explanation,  which  is  not  very  clear,  I  must 
refer  to  the  pubUcations  of  Rutherford  and 
Aston  already  cited. 

Suppose  now  that  heUum  instead  of  being 
a  quasi  polymer  of  hydrogen  is  really  an 
independent  entity  of  mass  4.  This  sup- 
position may  not  be  in  complete  agreement 
with  the  electrical  theory  of  matter  as  that  is 
now  formulated,  but  it  is  sustained  by  some 
evidence.  Hydrogen  is  chemically  active, 
helium  is  inert,  and  it  is  not  easy  to  see  how 
four  atoms  of  the  one  could  coalesce  to  form 
an  atom  of  the  other.  In  the  nebulae  the  two 
elements  appear  to  be  widely  separated,  with 
no  suggestion  of  any  other  relation  between 
them  than  that  of  a  possible  common  ancestor. 
Fiu-thermore,  the  alpha  ray  of  radioactive 
transformations  is  an  atom  of  helium,  which 
shows  no  sign  of  further  decomposition.  A 
priori  the  new  hypothesis  is  just  as  plausible  as 
the  other,  although  neither  is  completely 
proved.  That,  the  alleged  loss  of  mass  is  not  a 
necessary  assumption  seems  to  be  clear.  In 
the  formation  of  compoimds  there  is  no 
indication  of  any  ''packing  e£fect/'  although 
there  may  be  very  great  condensation. 

It  is  in  the  h^hest  degree  j»robable  that 
hydrogen  and  helium  are  two  fundamental 
elements  in  the  evolution  bf  matter.  But 
nebuhum  should  be  considered  with  them  as 
having  some  part,  if  only  A  subordinate  one, 
in  the  evolutionary  system;  From  the  position 
of  its  lines  in  the  spectrum  of  the  great  nebula 
of  Orion,  Fabry  and  Buisson,  by  interferometer 
measurements,  found  its  atomic  weight  to  be 
2.7,  or  almost  exactly  2§.  Now,  the  atomic 
weights  of  several  other  elements,  taken  as 
whole  numbers,  are  even  multiples  of  this 
figure  and  also  of  the  atomic  weight  of  helium. 

From  a  much  larger  list  I  select  the  following 
atomic  weights  for  comparison  with  that  of 
nebulium  and  with  one  another;  Helimn,  4; 
oxygen,  16;  magnesium,  24;  sulphur,  32;  cal- 
cium, 40;  titanium,  48;  iron,  56.  Five  of 
these  elements,  it  will  be  remembered,  are 
those  which  appear  earliest  in  the  hotter  stars. 
Now,  with  nebulium  (Nm)  =  2§,  the  comparison 
is  as  follows : 

3  Nm=  8=2He 
-    6  Nm=16=4He=0 

9  Niii=24=6He 
12  Nm=32=8He=2  O 
15Nin=40=10He 
18Nm«48»12He*3  0 
21  Nm»56-14He 
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Regarded  superficially  the  foregoing  figures 
are  very  suggestive,  but  they  must  not  be 
taken  too  seriously.  They  may,  perhaps, 
express  approximate  relations,  and  they  show 
that  nebulium  deserves  consideration  in  any 
scheme  of  atom  building.  It  is,  however,  an 
unruly  element,  for  it  disturbs  the  order  of 
atomic  numbers,  and  its  atomic  weight  is  not 
integral.  The  latter  irregularity  is  not  serious, 
for  five  of  the  elements  in  the  table  have  atomic 
weights  that  diverge  appreciably  from  whole 
numbers.  Whether  the  divergences  indicate 
mixtures  of  isotopes  remains  to  be  seen.  The 
table  as  it  stands  is  an  excellent  example  of  the 
ease  with  which  the  theorist  can  find  relations 
between  the  atomic  weights  if  he  Is  only  allowed 
to  tidce  a  few  little  liberties  with  the  facts. 

Two  other  sets  of  figures  approximating 
atomic  weights  are  worth  citing  here.  Whole 
numbers  are  assumed,  and  the  symbols  rep- 
jneseklt  the  atomic  weights: 

Fe«2Si=4N=»8Li=14He 
Mo=2Ti=3S=4Mg=.60=8C=24He 

These,  relations  are  very  striking,  but  have 
they  any  real  significance  relative  to  the 
evolution  of  the  elements?  If  we  were  to 
arrange*  92  integers,  taken  at  random  between 
.the  atomic  weights  of  hydrogen  and  uranium, 
and.  as  nearly  as  possible  equally  spaced, 
should  we  not  be  likely  to  find  many  nmnerical 
relations  between  them?  In  short,  is  not  the 
problem. of  the  atomic  weights  something  more 
than  a  mere  numerical  exercise  ?  This  question, 
I  think,  needs  no  answer.  If  many  of  the 
chemical  atomic  weights  are  merely  '^statisti- 
cal averages"  of  two  or  more  iso topic  values, 
any  attempt  to  discover  exact  mathematical 
relations  between  them  will  surelv  be  futile. 

Since  the  discoverv  of  radioactivitv  atomic 
genealogists,  if  I  may  call  them  so,  have  been 
extremely  busy.  Their  contributions  to  the 
literature  of  the  subject  are  very  numerous, 
and  I  can  not  undertake  to  summarize  them 
here.  Some  of  their  publications  are  worth- 
less, and  some  are  extremely  valuable,  but 
nearly  all  are  more  or  less  one-sided,  for  they 
lay  undue  stress  upon  mathematical  or  physical 
or  chemical  data,  and  ea(»h  writer  ventures 
little  out  of  his  own  special  field. '  Not  until  all 
lines  of  evidence  have  been  brought  into  con- 
vergen(U5  can  the  problem  of  elementary 
evolution  be  solved.    The  workers  in  different 


fields  and  with  different  outlooks  must  learn 
how  to  cooperate. 

In  every  attempt  that  has  heretofore  been 
made  to  explain  the  evolution  of  the  elements 
in  detail  there  are  difficulties  which  must  be 
faced.  Some  of  these  difficulties  have  already 
been  considered.  The  integrity  of  the  atomic 
weights  has  been  called  in  question,  and  the 
deviation  of  many  of  them  from  whole  numbers 
has  not  been  satisfactorily  explained.  The 
theory  of  atomic  numbers  is  also  incomplete, 
for  it  makes  no  allowance  for  possible  elements 
simpler  than  hydrogen,  or  between  hydrogen 
and  helium;  and  it  reverses  the  observed  order 
of  three  pairs  of  elements,  namely,  potassium- 
argon,  nickel-cobalt,  and  iodine-tellurium. 
That  these  reversals  are  justifiable  is  by  no 
means  certain.  The  positive  evidence  should 
not  lightly  be  set  aside. 

In  the  last  analysis  the  problem  of  ele- 
mentary evolution  seems  to  be  one  of  equilib- 
ria, or,  which  is  much  the  same  thing,  of 
relative  stabilities;  and  the  fundamental 
data  are  those  which  relate  to  atomic  struc- 
ture. On  this  subject  there  is  as  yet  no  general 
agreement,  but  the  scheme  that  has  been  most 
favorably  received  is  that  developed  by 
Rutherford  and  his  colleagues,  to  which  I  have 
already  referred. 

At  first  sight  Rutherford's  scheme  of  evolu- 
tion appears  to  be  very  simple  and  synunetricali 
but  it  is  by  no  means  free  from  difficulties,  and 
some  of  these  he  at  its  very  foundations. 
The  light  electron  and  the  massive  proton  are 
defined  as  ''atoms  of  negative  and  positive 
electricity";  but  what  these  definitions  mean 
is  not  clear.  As  the  elements  above  heliiun 
are  developed  the  nuclei  or  groups  of  protons 
become  more  and  more  complex,  and  just  how 
the  protons  are  held  together  is  unexplained. 
The  uranium  atom  is  supposed  to  <5arry  92 
electrons,  and  this  complexity  of  structure 
accounts  for  the  recognized  instability  of  that 
element,  as  shown  by  the  constant  emission  of 
helium  from  its  nucleus,  the  very  swift  alpha 
rays.  Between  hydrogen  and  uranium  the 
elements  are  arranged  in  the  order  of  their 
atomic  numbers,  which  represent  not  only 
the  number  of  electrons  in  each  atom  but  also 
the  net  electric  charge  carried  by  its  nucleus* 
But  what  is  meant  by  an  electric  charge  upon 
an  ''atom"  or  cluster  of  "atoms"  of  elec- 
tricity ?    Is  there  not  something  in  the  proton 
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that  is  not  electrical,  which  serves  as  the  car- 
rier? These  questions  I  can  not  attempt  to 
answer.  They  involve  the  fundamental  hy- 
pothesis that  matter  and  electricity  are  identi- 
cal, which  is  certainly  not  proved. 

One  more  doubtful  feature  of  Rutherford^s 
system  remains  to  be  noticed.  It  is  assumed 
that  the  progression  from  the  simplest  to  the 
most  complex  element  is  regular  and  unin- 
terrupted, step  by  step.  But  the  irregularity 
showQ'.by  the  caFo-^eacth 'elements-  in^  the  peri- 
odic system  seems  to  have  been  ignored,  and  this 
must  be  taken  into  account  in  any  valid  scheme 
of  elementary  evolution. 

In  what  I  have  said  so  far  I  have  not  intended 
to  be  hypercritical.  It  seemed  necessary  to 
point  out  some  of  the  difficulties  that  exist  in 
all  the  schemes  of  elementary  evolution,  for  to 
ignore  them  is  to  put  obstacles  in  the  way  of 
progress.  There  is  really  more  to  be  said  in 
favor  of  the  current  theories  of  atomic  structure 
than  can  be  urged  against  them.  All  of  them 
are  attempts  to  interpret  evidence,  and  each 
one  is  partly  successful.  Their  agreements  are 
more  significant  than  their  differences. 

A  scientific  theory  has  two  sides,  one  specu- 
lative, the  other  utilitarian.  As  a  mere 
intellectual  exercise  it  has  little  importance; 
its  real  value  is  in  its  ability  to  classify  phenom- 
ena, to  express  their  relations,  and  to  point  the 
way  to  new  discoveries.  In  plain  language, 
Does  it  work?  If  the  prevailing  theory  of 
atomic  structure  is  fundamentally  sound  it 
must  satisfy  these  conditions.  Hitherto  it  has 
been  developed  almost  entirely  in  its  physical 
and  mathematical  aspects ;  its  chemical  aspects 
have  received  too  little  consideration.  It  is  on 
the  chemical  side  that  the  theory  is  likely  to  be 
most  severely  tested.  The  complete  study  of 
any  chemical  reaction  involves  problems  that 
are  difficult  to  solve. 

A  chemical  reaction  may  be  described  in  a 
general  way  as  a  readjustment  of  equilibria. 
Let  us  consider  one  of  the  simplest,  the  forma- 
tion of  water  from  its  elements  as  represented 
by  the  equation 

Here  three  stable  molecules  are  broken  up,  and 
two  new  stable  molecules  are  formed;  heat  is 
generated,  and  three  gaseous  volumes  are  con- 
densed to  two.  A  further  condensation  to 
liquid  water  follows. 


Now,  in  terms  of  atomic  structure,  what  does 
this  reaction  mean?  How  was  it  that  three 
elementary  molecules  could  be  disrupted  and 
two  new  ones  formed  Each  hydrogen  atom  is 
supposed  to  consist  of  a  nucleus  with  one  elec- 
tron, and  each  oxygen  atom  of  a  nucleus  with 
eight  electrons.  What  are  these  electrons 
doing,  and  what  is  the  nucleus  of  the  new  mole- 
cule of  water?  Whv  does  condensation  take 
place,  and  why  is  heat  emitted  ?  Is  the  loss  of 
heat  due  to  an  arrest  of  motion  of  two  or  more 
electrons  ?  Moreover,  by  electrolysis  the  whole 
reaction  can  be  reversed  and  the  original  equi- 
libria reestablished.  These  questions  are  as 
yet  unanswered,  and  they  raise  the  larger 
question  as  to  the  nature  of  chemical  afiinity. 
If  the  theory  of  atomic  structure  is  soimd  it 
should  ultimately  shed  some  light  upon  these 
problems. 

Let  us  go  a  step  further  and  consider  a  more 
complicated  case,  one  of  double  decomposition. 
When  solutions  of  barium  chloride  and  sodium 
sulphate  are  mixed  the  following  reaction 
occurs:  • 

BaCl, + Na^,  =  BaSO^  +  2NaCl 

Here  we  have  five  kinds  of  atoms  and  four 
different  molecules,  but  three  of  the  molecules 
are  partly  dissociated  in  solution.  The  barium 
sulphate,  however,  is  thrown  down  in  solid 
form,  and  the  reaction  is  not  reversible.  All 
the  problems  suggested  by  the  simpler  reaction 
appear  in  this  new  equation,  with  others  that 
are  equally  difficult  to  answer.  What  part 
does  water  play  in  this  double  decomposition? 
Why  is  the  barium  sulphate  condensed  to  a  solid 
from  diffused  ions  in  the  initial  solution  ?  What 
are  all  the  electrons  doing,  and  what  are  the 
nuclei  of  the  four  compounds  ?  I  suspect  that 
we  are  a  long  way  from  any  complete  answer 
to  these  questions.  A  theory  of  atomic  struc- 
ture, to  be  satisfactory  to  chemists,  must  give 
them  some  clear  conceptions  regarding  the 
mechanism  of  chemical  reactions. 

Examples  like  these  might  be  multiplied 
indefinitely,  but  all  give  rise  to  similar  problems. 
In  every  case,  if  we  accept  the  electric  theory 
of  matter,  we  must  ask  the  same  questions: 
What  are  the  electrons  doing,  and  how  are  the 
protons  held  together  ?  If  for  the  moment  we 
confine  our  attention  to  the  evolution  of  the 
atoms,  we  have  also  to  consider  the  conditions, 
external   and  internal,   that   determine    their 
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relative  stability.  The  external  oonditions 
have  already  been  defined;  the  internal  con- 
ditions are  those  of  atomic  structure,  its  sim- 
plicity or  complexity,  the  synunetry  of  the 
atom,  and  the  exact  electrical  balance  between 
electrons  and  nuclei.  A  simple,  symmetrical 
atom  is  likely  to  be  very  stable;  a  complicated 
structure  impUes  instability.  The  terms  stable 
and  unstable  are  of  course  relative;  they  have 
no  absolute  meaning. 

In  the  study  of  elementary  evolution  two 
basic  problems  underlie  all  the  others.  What 
is  the  process,  and  what  are  its  products? 
Unfortimately  we  are  unable  to  reproduce  the 
process  artificially.  We  can  not  hope  to 
build  up  elements  as  they  are  built  up  in  the 
stars,  for  the  conditions  are  too  severe  for  us 
to  meet.  We  can,  however,  tear  down  some 
of  the  more  complex  structures  and  so  get  some 
light  upon  their  genesis.  That  work  is  now 
just  beginning,  and  from  it  we  may  reasonably 
expect  to  arrive  at  more  definite  conclusions. 
The  products  of  devolution  we  can  study 
directly,  and  the  two  lines  of  evidence  ought 
ultimately  to  converge. 

I  venture  now  to  point  out  one  analogy  that 
may  have  some  significance  with  regard  to  the 
character  of  the  elements.  Organic  chemistry 
is  defined  as  the  chemistry  of  carbon  com- 
poimds,  and  atoms  of  carbon,  in  chains  or 
rings,  form  the  skeleton,  or  framework,  or 
scaffolding  of  the  whole  edifice.  May  not  the 
elements  be  built  in  a  similar  way  with  atoms 
of  heUum  instead  of  carbon  ?  This  suggestion 
is  not  altogether  new:  it  is  implied  in  the  hydro- 
gen-helium scheme  of  evolution;  but  here  it 
would  include  nebulium  as  a  possible  part  of  the 
superstructure.  It  is  at  least  worth  testing, 
although  I  am  not  blind  to  possible  difficulties 
in  its  detailed  application. 

In  all  discussions  relative  to  cosmogony 
there  is  a  danger  of  going  too  fast  and  too  far. 
That  statement  holds  true  in  the  present  dis- 
cussion. We  know  that  the  same  elements 
appear  throughout  the  stellar  universe,  and 
we  must  assume  that  their  evolution  was 
governed  by  the  same  fundamental  laws  of 
chemistry  and  physics.  But  we  can  not  as- 
sume that  all  solar  systems  are  exactly  like 
ours  in  chemical  composition.  The  parent 
nebulae  may  have  differed  in  the  relative  pro- 
portions of  their  component  gases,  and  the 
rate  of  cooling  in  passing  from  nebula  to  star 


was  not  necessarily  everywhere  the  same. 
It  is  conceivable,  therefore,  that  different  solar 
systems  may  have  generated  the  elements  in 
somewhat  different  order,  and  not  invariably 
in  the  same  relative  abundance,  but  these  dis- 
similarities, if  they  exist,  are  probably  not  very 
large.  To  assume  that  anytiiing  like  absolute 
uniformity  exists  would,  however,  be  quite 
unwarranted. 

Before  we  pass  on  to  the  subject  of  the  evo- 
lution of  compounds,  it  seems  well  to  consider 
briefly  a  question  relative  to  what  may  be 
called  scientific  utility.  A  scientific  theory, 
to  be  useful,  must  meet  the  conditions  that 
have  been  stated  in  a  former  paragraph  and 
so  prove  its  value.  Such  a  theory  is  the  atomic 
theory  of  Dalton,  which  is  the  comer  stone 
of  modem  chemistry.  Even  the  modem  elec- 
trical conception  of  matter  is  based  upon  it 
Many  examples  of  similar  purport  nii^t  be 
cited. 

It  has  recently  been  asserted  by  high 
authorities  that  "a  chemical  element  is  de-' 
fined  by  its  atomic  nimiber. "  How  far  is  this 
conception  sustained  by  the  test  of  its  utility? 
How  far  can  it  be  used  in  dealing  with  chemical 
problems  ?  May  it  not  be  better  to  say  that  a 
chemical  element  is  defined  by  the  aggregate 
of  all  its  properties?  The  theory  of  atomic 
numbers  covers  only  part  of  the  ground. 

The  atomic  numbers,  it  should  be  remem- 
bered, assign  to  each  element  its  place  in  the 
order  of  ascending  atomic  magnitude.  That  is, 
the  atomic  weights  came  first,  ahd  the  atomic 
numbers  followed.  It  is  now  held,  however, 
that  the  atomic  numbers  also  represent  the 
electric  charges  carried  by  the  nuclei  of  the 
atoms,  and  the  number  of  electrons  belonging 
to  each  one.  These  claims  may  be  valid,  but 
they  have  not  yet  been  as  thoroughly  tested 
as  they  should  be.  Will  they  guide  future 
research  and  be  fruitful  in  discoveries?  That 
remains  to  be  seen. 

In  practical  utility  the  atomic  weights  are 
far  more  important  than  the  atomic  numbers. 
They  are  the  fundamental  quantities  of  chemi- 
cal arithmetic  and  are  in  constant  use  in 
chemical  calculations.  To  the  working  chem- 
ist they  are  indispensable.  In  the  calculation 
of  analyses,  or  of  the  proportions  in  which 
substances  shall  be  taken  in  order  to  perform 
a  given  quantitative  reaction,  atomic  weights 
are  always,  directly  or  indirectly,  employed. 
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They  are  expressed  in  every  chemical  formula 
and  in  every  chemical  equation,  and  the  atomic 
numbers  can  never  replace  them.  The  laws 
of  chemical  combination  are  based  upon  the 
combining  niunbers  of  the-^lements,  and  these 
am  the  atomic  weights.  Ih  the  periodic  table 
tibe  atomic  weights  and  the  atomic  numbers 
hmth  appear;  but  the  periodicity  of  physical 
fpfoperties  is  best  shown  in  curves  like  that  of 
«lomic  volumes.  Such  curves  show  that  the 
physical  properties  of  the  elements  are  periodic 
fimctions  of  the  atomic  weights.  The  alleged 
supremacy  of  the  atomic  numbers  is  by  no 
means  established.  The  usefulness  of  the 
atomic  weights  is  independent  of  the  order 
in  which  they  are  arranged. 

After  all,  the  physical  quantities  that  are 
directly  related  to  the  atomic  niunbers  are 
functions  of  the  atomic  masses,  and  so,  too,  are 
the  atomic  numbers. 

That  the  theories  of  atomic  structure  which 
have  so  far  been  proposed  are  not  in  close 
agreement  has  already  been  pointed  out.  One 
partial  theory,  however,  deserves  mention 
here — that  of  the  tetrahedral  carbon  atom  as 
advanced  independently  by  Van't  Hoff  and  by 
Le  Bel.  That  theorv  was  framed  in  order  to 
account  for  the  different  optical  properties  of 
the  two  tartaric  acids,  but  it  did  much  more 
than  that.  It  was  the  foundation  of  stereo- 
chemistry, a  new  field  of  research,  which  has 
been  wonderfully  fruitfid  in  important  dis- 
coveries. The  theory  was  devised  before 
electrons  were  known,  but  it  is  evidently  ad- 
justable to  the  electronic  conception  of  matter. 
No  such  adjustment  is  needed,  however  to 
emphasize  its  proved  efficiency. 

Note. — For  a  critical  summary  of  the  principal  theories 
of  atomic  structure  see  Stewart,  A.  W.,  Some  physico- 
chemical  themes,  pp.  373-397,  1922.  See  also  Webster, 
D.  L.,  and  Page,  L.,  Nat.  Research  Council  Bull.  14, 
1921. 

THE  EVOLUTION  OF  COMPOUNDS. 

It  has  already  been  said  that  the  process  of 
evolution  is  continuous,  from  the  simplest 
forms  of  matter  to  the  most  complex.  Be- 
tween elements  and  compounds  there  is  no 
sharp  line  of  demarcation,  and  one  class  shades 
into  the  other.  In  one  sense  the  elements  are 
really  composite,  primary  compounds  built  up 
from  a  few  fundamental  substances,  and  they 
are  characterized  by  great  relative  stability. 
They  have  so  far  not  been  formed  by  any 
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artificial  synthesis,  and  they  are  not  decom* 
posable  by  any  of  the  ordinary  processes  of  the 
chemical  laboratory.  The  reported  decompo- 
sition by  means  of  powerful  radiations  or  by 
electrical  currents  of  the  greatest  intensity 
will  be  considered  in  another  section  of  this 
memoir.  Compoimds,  on  the  other  hand,  are 
formed  by  the  combination  of  elements,  into 
which  they  are  easDy  separated  and  from 
which  many  of  them  can  be  prepared  syn- 
thetically. The  terms  element  and  compoimd 
are  used  here  in  their  ordinary  technical  sig- 
nificance and  are  not  subject  to  any  verbal 
quibbling.  The  elements  form  one  definite 
class  of  substances,  the  compoimds  form 
another,  and  the  chief  difference  between 
them  is  one  of  stability.  ^ 

Between  the  formation  of  an  element  and  i 
the  formation  of  a  compound  there  is,  however, 
another  difference.  The  first  stage  of  the 
process  was  one  that  required  a  vast  period  of 
time;  the  second  stage  is  marked  by  rapidity. 
The  series  of  elements  was  slowly  fonn^d,  and 
their  rate  of  decay,  as  shown  between' uranium 
and  lead,  is  also  relatively  slow.  The  fonna- 
tion  and  decomposition  of  compounds,  on  the 
other  hand,  is  rapid;  and  for  some  compounds 
the  rate  is  measurable.  The  distinction  is  not 
absolutely  definite,  for  some  of  the  short-lived 
products  of  radioactive  decay  seem  to  be  ex- 
ceptions to  the  rule,  which  in  general  may  be 
stated  as  follows:  The  process  of  evolution  is 
characterized  by  progressive  acceleration;  be- 
ing slow  at  first  and  becoming  gradually  moi^ 
and  more  rapid.  Its  rate  of  acceleration  may 
not  be  uniform,  but  its  general  drift  is  dear. 
It  follows  the  line  from  the  simplest  sub- 
stances to  the  most  complex.  Ih  all  vital 
processes  the  ease  and  rapidity  with  which 
compounds  are  formed  and  developed  is  evi- 
dent, and  some  of  these  substances  are  ex- 
tremely complicated. 

Just  as  an  infinite  number  of  words  can  be 
formed  from  the  26  letters  of  the  alphabet,  so 
myriads  of  compoimds  can  be  built  up  from 
comparatively  few  elements.  At  leaat  a  hun- 
dred thousand  compounds  are  already  known, 
but  by  far  the  greater  number  of  them  are 
artificial  products  and  have  no  place  among 
the  relatively  simple  substances  that  are 
developed  in  a  cooling  globe.  In  that  labo- 
ratory the  possibiUties  of  combination  are 
limited.     We  have  already  seen  that  bands 
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of  a  few  compounds,  such  as  the  oxides  of 
carbon  and  possibly  cyanogen,  have  been  de- 
tected in  the  spectra  of  the  cooler  stars  and 
the  Sun,  but  these  compounds  are  all  gaseous. 
Heavy,  solid  compounds  would  probably  sink 
below  the  reversing  layer  and  not  be  recog- 
nized in  the  spectrum.  Can  we  decide,  with 
any  approach  to  probability,  what  solid  com- 
pounds would  be  likely  to  be  first  formed 
under  the  conditions  of  a  cooling  globe  ? 

The  answer  to  this  question  is  simple.  The 
most  stable  compounds  would  come  first,  and 
they  are  such  as  appear  among  the  products 
of  the  electric  furnace.  Carbides,  silicides, 
phosphides,  borides,  and  nitrides  are  all  stable 
at  very  high  temperatures,  and  such  com- 
pounds with  iron,  nickel,  or  manganese  as 
bases  are  substances  of  high  specific  gravity 
and  would  be  likely  to  sink  deeply  into  the 
cooling  mass.  At  the  surface  of  the  Earth 
and  probably  throughout  the  lithosphere  they 
would  cease  to  exist,  for  water,  especially  in 
the  form  of  superheated  steam,  transforms 
them  into  other  compoimds,  such  as  hydro- 
carbons, oxides,  silicates,  phosphates,  borates, 
and  salts  of  ammonium.  Water  must  have 
been  a  compoimd  to  appear  at  an  early  stage 
in  the  process  of  evolution,  and  it  is  one  of 
the  principal  reagents  that  were  and  are  active 
in  determining  the  composition  of  the  Earth  ^s 
crust. 

This  speculation,  which  is  not  extravagant, 
receives  some  support  from  the  study  of  vol- 
canic emanations,  of  which  carbon  dioxide  and 
ammonium  chloride  are  common  constituents. 
Hydrocarbons  in  small  amount  are  also  found 
among  volcanic  ejectamenta.  The  existence 
of  boron  nitride  within  the  Earth  is  suggested 
by  the  association  of  boric  acid  and  ammonimn 
compounds  in  the  Tuscan  fumaroles  and  at 
other  well-known  localities.  Boron  nitride  is 
a  very  stable  compound;  but  when  heated  in 
a  current  of  steam  it  yields  boric  acid  and 
ammonia.  As  for  silicates  and  oxides,  they 
are  the  chief  constituents  of  the  lithosphere. 
The  silicates  would  be  easily  formed  by  oxida- 
tion of  the  primary  silicides,  but  only  the 
simpler  compoimds,  such  as  constitute  at 
least  nine-tenths  of  the  present  lithosphere, 
would  appear  at  first.  Their  crystallization 
and  s^regation  could  take  place  only  in  the 
cooling  of  a  fused  magma.  On  this  point 
their  artificial  syntheses  are  conclusive.     From 


such  a  magma  the  primitive  crust  of  the  Earth 
was  formed. 

A  variety  of  processes,  some  physical  and 
some  chemical,  must  have  taken  part  in  the 
solidification  of  the  planet;  but  their  effects 
could  hardly  have  been  symmetrically  dis- 
tributed. The  temperature  of  the  cooling 
mass  was  certainly  not  imiform.  Whenever 
new  compounds  were  formed  heat  was  gen- 
erated, the  local  temperature  rose,  and  in- 
equalities of  composition  were  brought  about 
by  diffusion.  Where  the  temperature  at  the 
surface  of  the  globe  was  lowest  there  solidifica- 
tion b^an.  At  such  points  new  chemical 
reactions  became  possible  through  contact 
with  the  gases  and  vapors  of  the  primeval 
atmosphere.  Just  what  the  composition  of 
that  atmosphere  may  have  been  we  do  not 
know;  but  it  must  have  contained  oxygen, 
carbonic  acid,  and  water,  three  powerful  re- 
agents, with  possibly  some  of  the  stronger  acids 
also. 

Throughout  the  cooling  process  and  indeed 
throughout  the  process  of  evolution  from 
nebula  to  planet,  gravitational  energy  was  at 
work  distributing  the  various  forms  of  matter 
according  to  their  density.  In  the  Earth  we 
have  a  heavy,  probably  metallic  nucleus,  sur- 
rounded by  a  zone  of  the  denser  silicates 
grading  upward  into  lighter  compounds,  and 
after  them  a  relativelv  thin  shell  of  sediments 
and  other  decomposition  products.  Then 
comes  the  hydrosphere,  and  surrounding  all 
the  atmosphere.  These  zones  are  of  course 
not  sharply  separated  but  interpenetrate  one 
another  to  a  greater  or  less  extent.  Volcanic 
effusions,  for  example,  break  through  the 
sediments,  and  locally  reverse  the  primary 
gravitational  arrangement,  which,  after  all,  is 
what  might  be  called  an  irregular  regularity. 
The  broad  outlines  of  the  process  are  clearly 
discernible  in  spite  of  local  blurring. 

This  zonal  structure  of  our  planet,  due  to 
gravitational  adjustment,  has  been  of  great 
significance  in  fixing  the  conditions  upon 
which  terrestrial  compounds  could  be  formed. 
It  is  commonly  supposed  that  the  Earth  is 
analogous  to  a  huge  meteorite,  having  a  nucleus 
consisting  principally  of  nickel-iron  with  some 
inclusions  of  free  carbon  and  a  few  simple 
compounds.  This  supposition  will  be  con- 
sidered in  detail  in  the  next  section  of  this 
memoir:  if  it  is  correct  then  the  nucleus  of  the 
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Earth,  or  centrosphere,  is  essentially  a  region 
of  almost  no  chemical  activity.  It  is  pro- 
tected from  the  outermost  zones  of  active 
reagents  by  the  intervening  shells  of  igneous 
silicate  rocks,  which  are  easily  modified  by 
aqueous  and  atmospheric  agencies  and  in  less 
degree  by  volcanism.  To  cite  two  familiar 
examples  of  such  changes  magnesian  rocks  are 
converted  into  talc  and  serpentine,  and  feld- 
spathic  rocks  are  kaolinized.  In  short,  on 
passing  from  the  centrosphere  to  the  surface 
of  the  lithosphere,  the  chemical  changes  be- 
come more  and  more  varied  and  complex. 
Through  them  the  sedimentary  rocks  were 
formed,  and  in  the  later  stages  of  the  Earth's 
history  living  organisms  also  played  an  im- 
portant part  in  the  production  of  limestone, 
dolomite,  and  marine  phosphates.  Leaving 
minor  details  out  of  account  we  may  say  that 
the  general  conditions  governing  the  evolution 
of  natural  inorganic  compounds  seem  to  be 
fairly  well  understood,  even  though  We  know 
very  little  of  the  inner  mechanism  of  the  many 
reactions  in  which  combinations  and  decom- 
positions proceeded  simultaneously.  In  the 
geologic  history  of  the  Earth's  crust  the  more 
important  of  the  chemical  changed  are  easily 
traced.  The  artificial  syntheses  of  many 
'  minerals  also  give  us  much  information  upon 
the  problem  of  inorganic  evolution. 

At  the  surface  of  the  Earth,  when  its  crust 
was  sufficiently  cool,  the  evolution  of  com- 
pounds entered  upon  a  new  field  of  activity. 
Organic  compounds  were  formed,  and  they 
furnished  the  material  basis  for  the  evolution 
of  living  beings.  Organisms,  each  capable  of 
reproducing  its  kind,  became  physically  possi- 
ble. This  faculty  of  reproduction  is  something 
that  sharply  distinguishes  living  from  non- 
living matter. 

The  probability  that  carbides  and  nitrides 
were  among  the  earliest  compounds  to  form 
in  a  cooling  globe  has  already  been  pointed 
out,  and  also  that  these  compounds,  by  hydrol- 
ysis, yield  hydrocarbons  and  ammonia.  Cal- 
cium carbide  yields  acetylene,  which  easily 
polymerizes  into  benzene,  from  which  a  long 
list  of  other  hydrocarbons  can  be  derived. 
The  carbides  of  aluminum,  glucinimi,  and 
manganese  give  methane,  CH^;  those  of  the 
rare-earth  metals  yield  mixtures  of  acetylene, 
methane,  and  ethylene,  and  from  some  of  them 
liquid  and  solid  hydrocarbons  are  also  derived. 


From  uranium  carbide  Moissan  "  obtained  a 
mixture  of  liquids,  consisting  largely  of  olefines 
with  some  members  of  the  acetylene  series 
and  some  saturated  compounds.  Hydrogen  is 
also  set  free  in  some  of  these  reactions.^ 

If  now,  by  reactions  such  as  have  just  been 
described,  hydrocarbons  and  ammonia  were 
formed  from  compounds  contained  in  the 
primitive  magma,  a  first  step  was  probably 
taken  toward  preparing  the  surface  of  the 
Earth  for  the  advent  of  living  organisms. 
From  metallic  phosphides  phosphine,  the 
analogue  of  ammonia,  would  be  generated,  and 
it  would  quickly  be  oxidized,  yielding  phos- 
phates. Among  the  substances  that  appear 
in  volcanic  emanations  there  are  hydrogen 
sulphide,  sulphur  dioxide,  carbonic  acid,  and 
hydrochloric  acid,  compounds  which  might  all 
be  fomied  simultaneously  with  the  hydro* 
carbons.  Add  to  these  the  gases  of  the  at- 
mosphere, and  we  shall  have  assembled  much 
of  the  raw  material  that  is  essential  to  the  later 
upbuilding  of  organic  tissue.  But  between 
magma  and  protoplasm  thete  is  a  vast  gap, 
which  science  has  not  yet  bridged.  The  evo- 
lution of  cotdpounds  has  not  sto|>ped,  but  our 
knowledge  of  its  course  is  ihtemipted. 

The  moment  we  enter  the  field  of  bio- 
chemistry We  encounter '  problems  of  great 
complexity.  Innumerable  llew  compounds  ajH 
pear,  especially' iti  the  tissues  of  plants,  and 
some  of  them  are  extremely  complicated. 
Many  of  these  compounds,  however,  can  be 
isolated  and  analyzed.  We  can  determine 
their  composition  and  measure  their  physical 
properties,  but  how  they  were  developed  in  the 
growing  plant  is  a  question  that  is  rarely 
answered  even  in  part.  One  group  of  examples 
will  serve  to  show  how  complex  the  problems 
really  are. 

One  of  the  most  marvelous  of  chemical  labo- 
ratories is  contained  within  the  seed  capsule 
of  the  opium  poppy,  Papaver  somniferum.  In 
that  small  inclosure  a  juice  is  secreted  which 
when  dried,  solidifies  to  that  extremely  com- 
plicated mixture  opium.  In  opium  about 
thirty  different  compounds  have  been  identi- 
fied, including  more  than  twenty  distinct  alka- 
li Moissan, H.,Compt.  Rend., vol.  122, p.  1462, 1896.  SeealaoDamiena. 
M .  A . ,  Annales  de  chimie,  9th  ser.,  vol.  10,  p.  137, 1018,  on  the  carbides  of 
the  cerium  gjoup. 

1^  For  a  sammary  of  the  literature  relating  to  the  inorganic  njnthracn 
of  hydrocarbons,  and  especially  from  the  carbides  contained  in  cast 
iron,  see  Clarke,  F.  W.,  The  data  of  geochemistry,  4th  ed.:  U.  8.  Oeol. 
t  Survey  Bull.  605,  pp.  780-732, 1920. 
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loids,  of  which  morphine,  CiyHigNO,,  is  the 
most  abmidant  but  not  the  most  complex, 
although,  as  we  see  from  its  formula,  each  mole- 
cule contains  forty  atoms.  How  many  pro- 
tons and  how  many  electrons  are  there  here, 
and  what  are  they  doing  ? 

But  this  is  not  all.  The  capsule  also  con- 
tains the  seeds  from  which  other  plants  can  be 
grown,  and  in  each  plant  within  a  single  season 
this  complex  of  chemical  syntheses  is  begim 
and  completed,  and  so  on  generation  after 
generation.  The  seeds  are  rich  in  oil  but  not 
in  alkaloids;  it  is  at  the  summit  of  their  growth 
that  these  very  complicated  substances  appear. 

Suppose  now  that  on  this  same  acre  of  ground 
with  tie  poppy  are  sown  the  seeds  of  a  dozen 
or  more  plants.  Each  one  will  be,  in  a  certain 
sense,  a  synthetic  chemist,  working  out  its  own 
special  set  of  reactions.  A  tobacco  plant  will 
form  nicotine,  mustard  will  generate  an  ''oil" 
rich  in  sulphur,  some  species  will  produce 
hydrocarbons  such  as  terpenes,  while  others 
will  specialize  in  forming  sugar  or. starch  or 
strong  acids.  All  are  nourished  by  the  same 
soil,  the  same  water,  and  the  same  atmosphere, 
but  each  one  .breeds  true  to  type  and  never 
makes  a  mistake  in  its  chemistry.  Does  each 
seed  contain  some  directive  prindple  that 
guides  its  germination  and  growth?  To  say 
that  the  seeds  differ  in  composition,  which  is 
quite  true,  may  give  a  partial  answer  to  this 
question;  but  it  does  not  explain  the  vital 
factor,  the  capacity  of  each  plant  to  reproduce 
its  kind. 

Up  to  a  certain  point  the  evolution  of  com- 
pounds within  these  different  plants  follows 
similar  lines.  All  generate  the  vegetable  fiber 
that  is,  so  to  speak,  the  fabric  of  their  skeletons, 
and  all  produce  chlorophyll,  the  principal  col- 
oring matter  of  their  leaves.  I  use  the  term 
chlorophyll  in  its  general  sense,  although  this 
substance  is  usually  if  not  always  commingled 
with  other  compounds  of  similar  character. 
Here  a  new  reagent  becomes  of  supreme  influ- 
ence— ^namely,  radiant  energy,  the  energy  of 
the  Sun's  rays.  It  is  only  by  means  of  this 
reagent  that  chlorophyll  can  form.  Are  some 
of  the  other  syntheses  also  dependent  upon  it  ? 
Albuminoids  and  proteids  are  also  produced, 
and  in  these  colloid  substances  chemical  com- 
plexity probably  reaches  its  limit.  They  are 
the  essential  constituents  of  protoplasm. 


In  animal  matter,  which  consists  almost 
entirely  of  proteids,  the  complexity  is  even 
greater  than  in  plants.  Plants  may  contain  a 
much  larger  number  and  variety  of  definite 
crystallizable  compounds,  but  in  animal  tissues 
the  proteids  predominate,  and  they  are  of  many 
different  kinds.  Into  this  subject  I  can  not  g#- 
at  length,  but  I  may  be  permitted  to  ask  ovit 
question.  Is  the  morphological  or  structurff 
increase  in  complexity  from  the  lowest  to  tlMf 
highest  forms  of  life  accompanied  by  a  corr^^ 
spending  change  in  the  complexity  of  chemidd 
constitution?  This  aspect  of  evolution  has,  I 
think,  never  been  seriously  considered,  but  it 
surely  deserves  attention.  To  show  its  signifi- 
cance I  venture  to  offer  the  following  illustra- 
tion, which  is  based  upon  an  elaborate  study 
of  the  inorganic  matter  of  marine  inverte- 
brates : " 

In  some  of  the  lowest  forms  of  life,  as  in  the 
diatoms,  radiolarians,  and  siliceous  sponges, 
the  skeletal  matter  consists  chiefly  of  opaline 
silica,  a  very  simple  substance.  The  stony 
corals  are  built  up  from  calcium  carbonate, 
which  is  slightly  more  complex.  The  echino- 
derm  skeletons  also  contain  magnesium  car- 
bonate, and  the  shells  of  some  brachiopods 
consist  mainly  of  calcium  phosphate.  The 
shells  of  the  higher  crustaceans,  such  as  the 
lobster,  are  still  more  compUcated.  With  a 
large  proportion  of  organic  matter,  proteid  in 
character,  they  contain  both  carbonates  and 
phosphates  of  calcium  and  magnesium.  Hie 
progressive  increase  in  complexity  is  cleariy 
evident.  It  also  appears  in  the  bones  of  the 
higher  mammals.  In  them  we  find  oiganic 
substances,  such  as  gelatin  and  fats,  but  also 
carbonates  of  calcium  and  magnesium,  with  a 
very  large  proportion  of  calcium  fluophos- 
phate.  The  question  that  was  asked  in  the 
preceding  paragraph  is  surely  pertment,  and 
it  receives  the  beginning  of  an  answer'  here. 
A  complete  answer,  however,  will  involve  some 
serious  discriminations,  and  it  must  also  recog- 
nize the  fact  that  we  are  now  considering  prod- 
ucts and  not  processes.  The  two  fields  of  inves- 
tigation must,  of  course,  be  studied  together, 
but  the  distinction  between  them  is  clear.  A 
physiological  process  is  a  complex  of  chemical 
combinations  and   decompositions,   of  evolu- 

H  See  Clarke.  F.  W.,  and  Wheeler,  W.  C,  U.  S.  Gaol.  Surrej  ProC 
Paper  124, 1922. 
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tions  and  devolutions,  and  the  two  sets  of 
phenomena  are  quite  distinct,  even  though 
they  always  appear  together.  The  one  is  the 
complement  of  the  other.  The  physiological 
processes  of  the  higher  animals  are  surely  more 
complicated  than  those  of  lower  forms. 

For  example:  In  respiration  we  inhale  oxy- 
gen and  exhale  carbonic  acid,  which  is  produced 
by  the  consumption  of  organic  tissue.  The 
formation  and  renewal  of  the  tissue  is  a  case 
of  true  evolution,  to  which  our  question 
properly  relates;  the  rejected  waste  or  excre- 
tory products  can  for  present  purposes  be  dis- 
regarded. We  are  considering  the  products 
of  growth,  not  those  of  decay.  The  discrim- 
ination may  sometimes  be  difficult,  but  it 
should  never  be  ignored.  The  alkaloids  of 
opium,  for  instance,  are  waste  products  and 
represent  the  downward  path  of  chemical 
change.  Their  citation  here,  however,  serves 
to  illustrate  the  wonderful  complexity  of  the 
processes  that  are  involved  in  the  growth  of 
plimts. 

The  formation  of  any  new  compound, 
whether  simple  or  complex,  natural  or  artificial, 
is  an  item  in  the  scheme  of  chemical  evolution. 
Under  natural  conditions  many  well-known 
•compoimds  are  incapable  of  existence;  some  are 
•destroyed  by  even  moderately  high  tempera- 
tures; others  are  decomposed  by  the  action  of 
water;  and  still  others,  like  the  fulminates,  are 
easily  exploded  by  percussion  or  friction.  All 
these  inhibitions  are  evaded  or  controlled  by  a 
skillful  chemist,  who  can  regulate  tempera- 
tures and  pressures  and  can  establish  for  each 
compoimd  the  environment  in  which  it  can 
form.  He  can  also  work  with  pure  materials, 
which  are  rarely  found  under  natural  condi- 
tions. The  artificial  compoimds  help  us  to 
^  better  understanding  of  those  which  exist 
in  nature,  and  this  can  easily  be  shown. 

Many  of  the  minerals  that  form  the  solid 
<5rust  of  the  Earth  have  been  reproduced  syn- 
thetically by  methods  equivalent  to  those  fol- 
lowed by  nature.  The  species  that  are  char- 
acteristic of  the  igneous  rocks,  such  as  the  feld- 
spars, pyroxenes,  and  olivine,  originate  in 
molten  magmas,  and  artificial  magmas  yield 
the  same  compounds.  Quartz  may  be  either 
magmatic  or  crystalliafed  from  aqueous  solu- 
tions, and  both  modes  of  origin  can  be  copied 
in  the  chemical  laboratory.  Artificial  lime- 
stone is  easily  prepared,  and  so  too  are  gypsum 


and  a  nunber  of  other  minerals,  all  of  aqueous 
origin,  that  are  found  in  beds  of  salt.  The 
researches  of  Van't  Hoff  and  his  colleagues 
upon  the  Stassfurt  salts  are  especially  sugges- 
tive. The  compounds  associated  with  the  salt 
were  not  only  prepared  synthetically,  but  the 
temperature  at  which  each  one  formed  was- 
also  determined,  giving  datum  points  in  what 
has  been  called  a  '^  geological  thermometer." 
Similar  temperature  relations  have  been  dis- 
covered for  other  minerals,  such  as  the  silica 
group  and  woUastonite,  and  they  give  valuable 
information  as  to  the  conditions  under  which 
the  rocks  containing  them  were  deposited.  In 
short,  the  chemical  processes  that  took  part  in 
terrestrial  evolution  are  being  revealed  experi- 
mentally. The  literature  of  synthetic  mineral- 
ogy is  very  voluminous,  but  these  few  -  ex- 
amples are  all  that  need  to  be  <;ited  here. 
They  serve  to  illustrate  the  methods  by  which' 
some  problems  of  evolution  are  being  solv^. 

What  has  been  said  relative  to  the  syntheses 
of  inorganic  compounds  also  applies,  but  with 
serious  limitations,  in  the  organic  field.  Many 
substances  that  are  found  to  exist  in  living  or- 
ganisms have  been  made  artificially,  but  by 
methods  that  are  surely  not  identical  witii 
those  followed  by  plant  or  animal.  In  life 
many  syntheses  are  effected  simultuieoudy 
and  rapidly;  in  the  laboratory  the  conditicms 
are  quite  different.  The  chemist  starts  with 
pure  material  and  builds  his  compounds  indi- 
vidually and  slowly,  but  his  results  are  nevwv 
theless  of  great  significance,  even  though  tliey 
may  not  be  directly  applicable  to  the  interpre- 
tation of  vital  phenomena.  There  is,  however, 
a  partial  correlation,  which  is  better  than  none 
at  all. 

This  is  no  place  for  an  essay  on  biochemistry, 
which  may  be  described  as  the  dynamic  side  of 
physiology.  All  living  organisms,  considered 
apart  from  their  psychological  relations,  are 
dependent  upon  a  complex  of  chemical  changes; 
some  products  of  which  are  utilized  and  others 
rejected  as  waste.  In  the  digestion  of  food 
many  of  these  changes  have  been  traced,  and 
a  great  variety  of  compounds  take  part  in 
them.  Some  of  the  compounds,  especially  the 
proteids,  are  broken  down  into  simpler  forms; 
and  their  derivatives  are  distributed  each  to 
its  proper  place  in  the  organism.  The  motive 
power  that  effects  their  distribution  is  thermo- 
chemical  in  origin  and  is  measured  in  terms  of 
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calories.  Finally,  new  proteids  are  formed, 
and  wasted  tissues  are  regenerated;  and  this  is 
true  chemical  evolution.  The  evolution  of  the 
Earth's  crust  and  the  evolution  of  living  tissue 
are  parts  of  the  same  line  of  growth  from  the 
simplest  to  the  most  complicated  forms  of  mat- 
ter.  The  line,  however,  is  not  straight  but  one 
with  many  branchings. 

THE  RELATIVE  ABUNDANCE  OF  THE  CHEMICAL 

ELEMENTS. 

One  of  the  most  obvious  facts  in  chemistry 
is  that  some  of  the  elements  are  very  abimdant 
and  others  extremely  rare.  It  is  also  easy  to 
see  that  this  distinction  is  definitely  related  to 
the  conditions  imder  which  the  different  ele- 
ments were  generated.  The  simplest  and  most 
stable  ones  were  formed  at  the  highest  tempera- 
tures and  in  the  greatest  abundance;  the  most 
complex  elements  appeared  last  of  all  and  in 
the  smallest  quantities.  The  original  nebula 
was  a  finite  mass  of  matter,  and  the  scarcer 
elements  represent  the  material  left  over  after 
the  inore  common  oneis  had '  been  formed. 
How  far  do  these  conclusions  harmonize  with 
the  observed  facts ! 

In  an  attempt  to  answer  this  question  we 
niust  recognize  certain  limitations.  An  iJmost 
infinitesimal  portion  of  the  matter  that  forms 
the 'solar  system  is  all  that  is  *  available  for 
direct  quantitative  investijgation.  Only  the 
Oceain,  the  atmosphere,  and  a  very  thin  outer 
shell  of  the  Earth's  crust  are  accessible  to  us. 
As  for  the  Ocean  and  the  atmosphere,  their 
composition  is  well  known;  that  of  the  rocky 
shell  is  less  easily  ascertained. 

In  order  to  determine  the  average  composi- 
tion of  known  terrestrial  matter  we  must  first 
fix  the  relative  proportions  of  its  three  com- 
ponents. For  this  purpose  let  us  assume  that 
the  crust  of  the  Earth  to  a  depth  of  10  miles  is 
essentially  like  the  average  rock  of  its  surface, 
of  the  rocks  which  we  know  and  can  analyze. 
The  volume  of  such  a  crust,  including  the 
mean  elevation  of  the  continents  above  the 
sea,  is  1,633,000,000  cubic  miles,  with  a  prob- 
able density  of  about  2.7  to  2.8. 

The  volume  of  the  Ocean  is  approximately 
302,000,000  cubic  miles,  although  some  au- 
thorities give  slightly  higher  figures,  and  its 
density  is  a  little  below  1.03.  This  is  the 
maximum  density  found  by  Dittmar  in  the 


water  of  the  great  oceans,  and  its  use  hero 
makes  a  liberal  allowance  for  the  saline  matter, 
such  as  beds  of  salt,  that  are  found  in  the 
crust  of  the  Earth.  For  present  purposes  they 
are  n^ligible  quantities.  If  the  salts  of  the 
Ocean  were  gathered  into  one  solid  block,  they 
would  have  a  volume  of  at  least  4,800,000  cubic 
miles,  or  enough  to  cover  the  entire  United 
States  to  a  depth  of  1.6  miles.  The  fresh 
waters  of  our  globe  are  also  negligible,  for  a 
quantity  equivalent  to  1  per  cent  of  the  Ocean 
would  cover  all  the  land  areas  to  a  depth  of 
200  feet.  Even  the  mass  of  Lake  Superior 
becomes  relatively  insignificant.  The  mass  of 
the  atmosphere,  ^o  far  as  it  can  be  determined, 
is  equivalent  to  that  of  1,268,000  cubic  miles 
of  water,  the  unit  of  density.  Combining  these 
figiures,  we  have  for  the  composition  of  known 
terrestrial  matter  about  93  per  cent  of  solid 
crust,  with  7  per  cent  for  the  Ocean.  The 
proportion  assignable  to  the  atmosphei'e  is 
only  0.03  per  cent,  which  iriay  be  regarded  as  a 
small  correction  to  be  applied  when  needed." 
We  are  dealing  with  the  relative  abimdance  of 
the  different  forms  of  matter  and  not  with 
'  absolute  quantities.  Quantitative  accuracy  is 
not  attamable. 

What,  now,  is  the  Composition  of  the  ac- 
cessible part  of  the  lithosphere?  Neglecting 
the  thin  film  of  organic  matter  upon  its  sur* 
face,  we  need  oiJy  consider  two  classes  of 
rocks,  the  igneous  and  the  sedimentary. 
Metamorphic  rocks  are  merely  the  result  of 
alterations  of  one  or  the  other  of  these  two. 
and  may  be  left  out  of  account.  Such  inclu- 
sions as  beds  of  coal  or  metallic  ores  are  in- 
significant in  quantity  as  compared  with  the 
vast  mass  of  rocks  now  under  consideration,, 
which  is,  as  nearly  as  can  be  determined,  9S 
per  cent  igneous  and  5  per  cent  sedimentary. 
The  method  by  which  these  figures  were  ob- 
tained, together  with  the  average  composition 
of  the  sediments,  I  have  given  elsewhere." 

As  it  is  impossible  to  analyze  the  10-mile 
crust  as  a  whole,  we  must  do  as  well  as  we 
can  by  the  method  of  sampling — that  is,  we 
must  take  samples  of  igneous  rocks,  the  par- 
ents of  the  others,  from  as  many  different- 
localities  as  possible,   and   then  average  the 

i&  For  the  deUils  of  this  computation  soe  Clarke,  F.  W.,  The  data  of 
geochemistry,  4th  ed.:  U.  S.  Geol.  Survey  Bull.  d05,  pp.  2^^,  1930. 
>«Idem,pp.  2»-32. 
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:aaalyse8.  Thousands  of  such  analyses  have 
been  made  for  petrologic  purposes  and  are 
now  available  for  use.  The  material  came 
from  all  quarters  of  the  globe,  and  the  analjrses 
that  are  considered  trustworthy  have  been 
assembled  by  H.  S.  Washington  in  a  monu- 
mental volume."  From  the  data  given  by 
him  5,159  analyses  rated  as  ''superior'*  have 
been  taken  and  averaged  together,  giving  a 
fair  conception  of  the  mean  composition  of  the 
igneous  rocks.^' 

Now,  omitting  details,  which  can  be  found 
in  the  publications  already  cited,  let  us  con- 
sider the  significance  of  the  following  averages. 
The  first  column  of  figures  gives  the  mean 
composition  of  5,159  igneous  rocks,  stated  in 
terms  of  elements  and  in  percentages.  The 
last  column  gives  the  average  obtained  by 
including  accepted  values  for  the  sediments, 
the  ocean,  and  the  atmosphere,  or  in  other 
words  the  mean  composition  of  all  known 
terrestrial  matter  to  an  assumed  depth  of  10 
miles  below  sea  level. 

Average  compoeition  of  igneous  rocks  and  of  all  known 

terrestrial  matter. 


Oxygen 

Silicon 

Aluminum 

Iron 

Calcium 

Sodium 

Potassium 

Magnesium 

Titanium 

Phosphorus 

Hydrogen 

Manganese 

Chlorine 

Carbon 

Minor  constituents 


100.00 


46.41 

49.19 

27.58 

25.71 

8.08 

7.50 

5.08 

4.68 

3.61 

3.37 

2.83 

2.61 

2.58 

2.38 

2.09 

1.94 

.72 

.648 

.157 

.142 

.129 

.872 

.124 

.108 

.096 

0.228 

.051 

«».  139 

.463 

.473 

100.000 


a  Oceanic. 
Mn  limestone. 

These  figures  show  that  eight  elements  fonn 
97.38  per  cent  of  all  known  terrestrial  matter, 

"  Washington,  H.  8.,  Cnemical  analyses  of  igneous  rocks,  1884  to  1913: 
U.  S.  Qeol.  Survey  Prof.  Paper  99, 1917. 

»  A  detailed  critical  discussion  of  the  method  of  averaging  and  the 
results  obtained  Is  to  appear  in  lYofessional  Paper  127  of  the  Oeological 
Survey,  by  Clarke  and  Washington,  now  in  press.  An  abstract  of  the 
fcverages  was  published  in  the  Proceedings  of  the  National  Academy 
•f  Sciences  for  May,  1922. 


leaving  only  2.62  per  cent  for  all  the  others. 
The  mfluence  of  the  Ocean  and  the  atmosphere 
is  very  slight,  and  with  a  thicker  mass  of  igneous 
rocks  it  would  be  still  smaller.  In  the  Earth 
as  a  whole  the  Ocean  would  amount  to  only  a 
small  fraction  of  1  per  cent  and  therefore  be 
negligible. 

In  many  of  the  published  analyses  of  igneous 
rocks  figures  are  given  showing  appreciable 
but  small  percentages  of  some  of  the  scarcer 
elements.     The  average  amounts  are  as  follows: 


Barium 0.081 

Sulphur 080 

Chromium 052 

Zirconium 051 

Vanadium 04 1 

Strontium 034 


Nickel 0.031 

Fluorine 030 

Copper 010 

Lithium 005 

Zinc 004 

Lead 002 


Several  attempts  have  been  made  to  deter- 
mine the  composition  of  the  Earth  as  a  whole, 
all  based  upon  its  supposed  similarity  to  a  huge 
meteorite.  The  mean  density  of  the  Earth  is 
nearly  double  that  of  its  crust,  and  it  behaves 
like  an  enormous  magnet.  Hence  the  assump* 
tion  has  been  made,  to  which  I  have  already 
referred,  that  its  central  portion  is  metallic  and 
consists  largely  of  iron.  How  far  is  this 
assumption  justifiable? 

To  answer  this  question  let  us  begin  with  the 
chemical  composition  of  known  meteorites. 
These  extraterrestrial  bodies  are  divided  into 
two  classes,  meteoric  stones  and  meteoric  irons, 
which,  however,  are  not  sharply  distinct. 
Nearly  all  the  stony  meteorites  contain  more  or 
less  iron,  and  many  of  the  others  contain  stone. 
For  instance,  the  pallasites  are  masses  of  iron, 
with  something  like  the  texture  of  a  sponge, 
in  which  the  ceUs  are  filled  with  nodules  of 
olivine.  Again,  the  meteoric  shower  that  fell 
at  Estherville,  Iowa,  in  1879,  contained  masses 
of  stone  and  manv  smaller  masses  of  iron. 
These  were  all,  of  course,  components  of  the 
original  meteor.  For  the  average  composition 
of  99  meteoric  stones  we  have  the  following 
computation  by  Merrill.*®  The  first  column 
of  figures  gives  the  actual  average;  the  second 
is  recalculated  to  100  per  cent  after  rejecting 
the  admixed  nickel-iron,  sulphides,  and  phos- 
phides. 

»»  Merrill.  G.  P.,  Am.  Jour.  Sci.,  4th  ser.,  voL  27,  p.  468, 1909.  Another 
average,  by  O.  C.  Farrington,  appears  in  Field  Colaml>ian  Mas.  Pub. 
151 .  191 1 .    It  is  in  fair  agreement  with  Merrill's. 


72 


SHORTEB  CONTRIBUTIONS  TO  GENERAL  GEOIiOGT,  1923. 


Average  componiion  of  meteoric  stones. 


Silica 

Alumina 

Ferrous  oxide 

Lime 

Magnesia 

Soda 

Potassa 

Manganese  oxide , 

Chromite 

Nickel,  including  cobalt, 

Metallic  iron 

Sulphur 

Phosphorus 


Found. 

Recalcu- 
lated. 

38.98 

45.46 

2.75 

3.21 

16.54 

19.29 

L77 

2.06 

23.  03 

26.86 

.95 

Lll 

.33 

.38 

.56 

.65 

.84 

.98 

1.32 

11.61 

1.85 

.11 

100.64 


100.00 


Some  of  the  analyses  show  small  amoimts  of 
copper,  tin,  carbon,  etc.,  which  need  not  be 
considered  here.  The  average  stone  is  essen- 
tially a  peridotite  and  therefore  quite  different 
from  the  average  terrestrial  rock.  A  great 
deficiency  in  feldspars  is  evident,  and  they 
form  nearly  60  per  cent  of  the  10-mile  shell  of 
the  lithosphere.  There  is  little  or  no  free  silica 
indicated  by  the  figures.  That  the  meteorites 
were  originally  in  a  state  of  fusion  is  also  clear, 
for  the  dominant  mineral,  olivine,  is  formed 
only  in  that  way.  The  same  is  true  also  of  the 
glass,  which  is  a  common  constituent  of 
meteoric  stones. 

It  is  by'  no  means  certain  that  the  average 
given  in  the  foregoing  table  represents  with 
any  accuracy  the  mean  composition  of  all 
known  meteoric  stones,  of  which  many  were 
never  analyzed.  Even  these  meteorites  form 
but  a  trifling  fraction  of  the  vast  number  that 
must  have  fallen  imseen.  Some  doubtless  fell 
in  the  ocean,  and  others  in  deserts  or  forests, 
never  to  be  found.  Nevertheless  the  average 
is  not  without  value,  when  it  is  considered  in 
relation  to  other  data.  As  for  the  indi\adual 
stones  that  are  represented  in  the  average, 
they  show  great  differences  in  composition. 
A  very  few,  of  which  Juvinas  and  Stannern 
are  typical,  consist  mainly  of  augite  and 
anorthite,  with  very  little  nickel-iron.  The 
Bishopville  stone  is  nearly  pure  enstatite. 
These  stones  are  exceptional;  in  by  far  the 
greater  number  of  known  falls  pyroxenes  and 
olivine  are  the  dominant  minerals,  with  vari- 
able proportions  of  nickel-iron.  The  tran- 
sition from  stone  to  iron  is  very  gradual.  The 
very  common  chromite  of  meteoric  stones  is 


invariably  associated  with  magnesian  min* 
erals,  iron,  and  nickel — the  same  association 
that  is  foimd  in  terrestrial  rocks.  Oldhamite^ 
calcium  sulphide,  is  only  known  as  a  meteoric 
mineral;  it  dissolves  in  water  and  rapidly 
hydrolyzes,  therefore  it  can  not  long  exist 
except  in  anhydrous  surroundings,  and  all  our 
igneous  rocks  contain  small  amounts  of  water. 

One  very  small  group  of  meteoric  stones- 
deserves  to  be  considered  separately — the  car- 
bonaceous meteorites.  The  type  and  extreme 
example  of  these  is  the  one  that  fell  at  Orgueil, 
France,  in  which  Pisani  found  13.89  per  cent 
of  water  plus  organic  matter,  which  consisted 
essentially  of  hydrocarbons.  Such  a  meteorite 
could  reach  the  surface  of  the  Earth  only  under 
very  exceptional  conditions.  The  chances  are 
that  its  organic  matter  would  be  burned  soon 
after  it  entered  the  atmosphere,  and  its  stony 
portion  disintegrated  and  scattered  as  dust.  If 
so  the  atmosphere  must  receive  accessions  of 
carbon  dioxide  that  would  have  a  distinct 
influence  upon  plant  life  and  would  perhaps 
account,  in  part  at  least,  for  the  carbon  that  is 
locked  up  in  coal  and  petroleum.  This,  I 
admit,  is  pure  speculation,  but  not  without 
some  plausibility.  A  cometary  origin  of  these 
meteors  is  probable,  for  hydrocarbons  are 
shown  in  the  spectra  of  comets,  and  several 
instances  are  known  of  periodic  showers  of  stars 
that  have  followed  the  paths  of  periodic  comets 
which  have  disappeared.  Biela's  comet  is  one 
which  after  repeated  returns  is  now  represented 
only  by  a  starry  shower.  We  can  not,  however, 
assume  that  all  meteors  are  the  remains  of 
comets.  There  is,  as  w411  be  seen  later,  strong 
evidence  to  the  contrary. 

The  average  composition  of  meteoric  iron  is 
more  easily  determined  than  that  of  meteoric 
stone.  The  one  consists  mainly  of  an  alloy  of 
nickel  and  iron;  the  other  is  a  mixture  of  dif- 
ferent silicates.  The  irons  contain,  in  minor 
proportions,  several  other  substances,  such  as 
troilite,  FeS;  schreibersite,  a  phosphide  of  iron 
and  nickel ;  daubr^elite,  FeCr2S4,  the  sulphide 
corresponding  to  the  chromite  of  meteoric 
stones;  lawrencite,  FeClj;  cohenite,  (FeNiCo)3C; 
graphitic  carbon;  and  in  the  iron  of  Canyon 
Diablo,  minute  diamonds.  Diamond  is  also 
found  in  the  meteoric  stone  of  Novo  Urei. 
Carborundum,  CSi,  is  also  reported  by  Moissan 
as  present  in  the  Canyon  Diablo  iron.  Nodules 
of  troilite  and  of  graphitic  carbon  are  common^ 
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some  of  them  as  large  as  a  hen's  egg;  the  other 
inclusions  are  diffused  in  smaller  amounts.  Of 
these  the  lawrencite  is  in  one  way  the  most 
conspicuous,  although  it  is  rarely  seen  in  dis- 
tinct masses.  On  exposure  to  moisture  it  is 
hydrolyzed,  forming  basic  chlorides  and  re- 
leasing  hydrochloric  acid,  so  that  its  presence 
is  too  often  manifested  by  the  tendency  of  an 
iron  to  rust  and  ultimately  to  fall  to  pieces. 
Everyone  who  has  had  much  experience  in 
handling  collections  of  meteorites  knows  how 
troublesome  this  obnoxious  compoimd  is.  It 
is  very  difficult  to  stop  its  ravages.  It  is  not 
improbable  that  much  of  the  chlorine  in  the 
ocean  came  originally  from  lawrencite.  Was 
the  primeval  ocean  strongly  acid  ?  The  ques- 
tion is  legitimate,  even  if  it  can  not  be  definitely 
answered.  Some  of  the  oceanic  chlorine  is 
undoubtedly  of  volcanic  origin,  and  that  may 
have  had  ite  source  in  lawrencite.  We  do  not 
know  the  facts  but  may  be  permitted  to  sup- 
pose. One  thing  is  certain — namely,  that  the 
permanence  of  a  meteoric  iron  depends  upon 
the  amount  of  ferrous  chloride  which  it  contains. 

At  Ovifak,  in  Greenland,  and  at  several 
neighboring  localities,  native  iron  is  found 
which  was  at  first  thought  to  be  of  meteoric 
origin.  It  is  now  known  to  be  terrestrial  iron, 
brought  up  in  some  manner  from  beloW; 
together  with  the  basalt  in  which  it  is  em- 
bedded. Some  of  it  is  in  small  grains  and 
some  in  large  masses  of  several  tons  in  weight, 
and  it  resembles  meteoric  iron  in  every  essen- 
tial particular.  It  contains  some  lawrencite, 
and  also  carbon,  which  is  combined  with  iron, 
probably  as  cohenite.  The  presence  of  a  car- 
bide was  proved  by  George  Steiger  in  the  lab- 
oratory of  the  United  States  Geological  Sur- 
vey. By  heating  some  of  the  Ovifak  iron 
with  anmionium  chloride  he  obtained  a  mix- 
ture of  hydrocarbons,  both  saturated  and 
imsaturated. 

For  the  average  composition  of  meteoric 
iron  and  its  terrestrial  equivalent  we  now  have 
the  following  data:  First,  the  average  of  318 
analyses  of  meteoric  iron,  as  computed  by 
Farrington*^;  second,  the  average  of  13  anal- 
yses of  the  Greenland  iron,  cited  by  Dana.^* 
In  the  analyses  of  Greenland  iron  figures  for 
sihca  and  insoluble  matter  have  been  rejected 

»  Op.  dt. 

»  System  of  mineralogy,  6th  ©d.,  pp.  28,  29,  1914. 


as  representing  impurities  taken  up  from  the 
adjacent  rocks. 

Average  composition  of  meteoric  and  native  iron. 


Iron 

Nickel 

Ck)balt 

Copper 

Sulphur 

Carbon 

Phosphorus. 

Chlorine 

Chromium . 


Meteoric. 


90.85 
8.52 
.59 
.02 
.04 
.03 
.17 


.01 


100.23 


Terres- 
trial. 


92.53 
2.20 
.62 
.23 
.28 
L7S 
.21 
.06 


97.91 


These  averages,  although  they  differ  some- 
what, do  so  no  more  than  individual  analyses 
of  meteoric  iron.  No  two  irons  are  precisely 
alike.  The  absence  of  chlorine  from  the  first 
column  of  figures  merely  means  that  it  was 
not  determined,  and  the  same  is  true  with  ref- 
erence to  chromium  in  the  second  column. 
Analyses  of  rocks  and  minerals  diSer  widely  as 
regards  completeness. 

In  one  way  the  analyses  of  meteoric  irons  are 
Ukely  to  be  sUghtly  misleading.  They  repre- 
sent clean,  bright  samples  of  the  nickel-iron 
and  take  no  account  of  the  large  inclusions  of 
graphite,  troilite,  and  the  more  generally 
diffused  ferrous  chloride.  The  composition  of 
the  entire  mass  of  an  iron  would  be  unlike  that 
of  the  selected  metal,  and  the  inclusions  might 
amount  to  several  per  cent.  No  good  estimate 
can  be  made  of  their  average  quantities.  The 
averages  given  in  the  table,  therefore,  repre- 
sent only  approximate  orders  of  magnitude, 
but  the  percentages  of  the  minor  constituents 
are  certainly  not  large. 

That  the  minerals  of  the  meteoric  stones 
were  originally  in  a  state  of  fusion  seems  to  be 
clear.  Was  the  meteoric  iron  also  molten? 
This  question  can  be  answered  in  the  aflSrma- 
tive,  for  the  following  reasons: 

In  the  preceding  section  of  this  paper  it  was 
shown  that  carbides  and  phosphides  were 
among  the  compounds  that  would  be  the 
earliest  to  form  in  a  cooling  globe.  Both  car- 
bides and  phosphides  are  found  in  meteoric 
iron,  and  the  even  more  significant  sulphides 
also.  Furthermore,  troilite  and  graphitic  car- 
bon are  often  found  in  large  nodules  that  could 
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hardly  h&ve  segr^ated  except  from  a  fluid  or  subject  would  be  out  of  place  la  this  paper." 

semifluid  mass.     The  diamonds  of  the  Canyon  Its  chemical  composition,  however,  as  shown 

Diablo  iron  tell  the  same  story.     The  artiticial  by    the    analyses    of    meteorites,    must    have 

diamouds  obtained  by  Moissan  were  produced  closely  resembled  that  of  the  Earth, 

by  dissolving  carbon  in  molten  iron  and  cooling  To  complete  the  analogy  between  the  Kartb 

under    great    pressure.     Finally,     the    h^hly  and  the  broken  planetoid  we  should  be  able  to 

crystalline  structure  of  meteoric  iron  points  to  calculate   the  percentage  composition   of  the 

the  same  conclusion.     No  artificial  iron  sho^  latter.     This,  however,  can  not  be  done,  for 

that  peculiarity.     All  the  evidence  points  in  much  of  the  meteoric  matter  is  lost.     In  the 

one  direction,  and  the  similarity  of  origin  of  catastrophe  that  destroyed  the  planetoid  its 

stones  and  irons  seems  to  be  almost  beyond  lighter,  outer  shell  was  probably  scattered  in 

doubt.     Both  stones  and  iron  were  formed  in  a  dust,  or  in  fragments  so  small  that  few  of  them, 

cooliiig    globe   which   in   structure    resembled  even  if  they  reach  the  Earth,  could  ever  be  col- 

the  cooling  Earth.     This  theory  as  to  the  origin  lected  and   identified.     No  granitic  meteorite 

of  meteorites  is  the  only  one  that  is  supported  has  yet  been  found,  and  the  only  distioctlyf eld' 

by   positive    evidence;  all    others    are    piu'ely  spathic  meteorites  are  those  of  the  Juvinas  and 

s[)eculative.     The  theory  is  not  original  with  Stannem  types,  in  which  the  feldspar  is  anorth- 

me.     It  was  advocated  by  Meunier  and  others  ite.    Alkalifeldsparsoccurinmeteoritesinvery 

and  has  since  been  fully  discussed  by  Farring-  small  and  relatively  unimportant  proportions, 

ton,"  who  has  made  use  of  much  the  same  The  suggestion  that  the  outenuost  portion  of 

evidence  as  I  have  cited  here.     He  also  calls  the  planetoid  was  lost  is  not  altc^etherimagina^ 

attention    to    the    fact    that   meteoric   stones  tive.     It  is  supported  by  the  well-known  phe- 

sometimes  show  indication  of  strains  and  of  nomena  that  attend  the  fall  of  a  laif^  meteor, 

brecciated  structure,  similar  to  corresponding  These  are  a  brilliant  light  and  a  violent  explo- 

features  that  are  common  in  the  crust  of  the  sion,  with  a  noise  which  has  been  compared  to 

Earth.     Farrington's  ai^uments  in  support  of  thunder  or  the  firing  of  heavy  artillery.     The 

his  thesis  seem  to  be  incontestable.  meteor  is  also  followed  by  a  train  of  sparks  as 

The  lines  of  evidence  used  by  Farrington  in  seen  by  night,  or  one  of  "smoke"  in  daytime, 

his  argument  have  recently  been  made  much  j^  explanation  of  these  phenomena  was  put 

stronger  by  the  study  of  a  meteoric  stone  that  forth  by  Maskelyne  **  in  1862,  about'  as  fol- 

fell  at  Cumberland  Falls,  Ky.,  on  April  9,  1919.  lows:  The  meteor,  coming  from  the  cold  of  outer 

This  stone,  which  has  been  thoroughly  inves-  space,  enters  the  atmosphere  of  the  Earth  with 

tigated  by  Merrill,"  is  made  up  of  two  distinct  something  like  planetary  velocity.     By  atmoa- 

types  of  meteorites.     The  larger  part  is  white  pheric  friction  its  surface  is  almost  instantly 

and  consists  mainly  of  enstatite  with  a  little  heated  to  incandescence;  this  portion  of  eourae 

diallage.     It  contams,  however,  inclusions  of  a  expands   and  breaks   away  from   the   central 

black  stone,  made  up  of  olivine  and  enstatite.  mass  with  explosive  violence.     In  this  way  the 

There  are  abo  some  scales  of  graphite,  with  a  meteor  is  disrupted,  and  the  fragments  that  are 

very  litUe  nickel-iron  and  troUite.     The  most  ^j^^  ^^  ^^^  ^^^^  ;„  j^e  trad  of  sparks  or 

noteworthy  feature  of  the  stone  is  that  the  ^^^^  ^j^^^^  f^n^^^  ^y^^  j^jj-       ^^     ^his 

white  portion,  instead  of  bemg  comparative  y  explanation  of  the  phenomena  is  very  simple 

homogeneous,  is  a  breccia,  a  mass  of  sharp  y  ^^  ^^^^^  ^^  ^^^  satisfactory.     The  meteoric 

angular  fragments,  which  could  be  formed  only  ^^^^  ^^            ^^^  composition  which  would 

by  crushing  the  rock  under  grea    pr^sure  or  ^^^^  j^^  ^^     ^^^  described  above.     Its 

by  grmding.     Ihe  only  interpretation  that  can  ..  ,  ,          _f        l      v        ui                _        j    _i 

1       ■         .     .1        r    .    ■    .,    .  .1          .       ■.    ■  lighter  surface  has  been  blown  away,  and  only 

be  given  to  these  facts  is  that  the  meteorite  is  a  ,?"     ,             •    ,     -             .  -         ,    ,,:  '      .       _ 

,    ^        ^    t             <    1                         f     u   .  the  denser,  interior  portion  of  diiierent  com- 

fragment  of  a  much  iareor  mass,  of  what  may  ...      i_      ,  n      ^    ,.                • 

u        11    1       u  I       .         J'          -                   1  position  has  fallen  to  the  ground, 

be  called  subplanctarv  dimensions — one  l&ree  t,     »      .l         ■  i              ^       >     \.            i     ■ 

V     -        fi_                                     ^                .  So  far  the  evidence  seems  to  be  conclusive 

enough    for    the    same    processes    to    operate  ,■..■,,-,            ,              .      -                 / 

^.    r°                  ■     J  ■     ..           I       /  .u     ^     .1  that  the  meteorites  are  fragments  of  a  mass  of 

that  are  rccc^nized  in  the  rocks  of  the  li-artU. 

How  and  when  that  planetoid  was  disrupted  t.T.c.chL.nii>ijrUQ  (JcHir.ueoiogj-,vQi.9,p.3TO,wau,ree»nisin«». 

we    do    not    know,    and    speculation    upon    that  orfiM  a*  (mgnipnls  or  a  planetoid  which  wm  torn  to  pt»s«  by  dm* 

approach  to  B  larger  ma*i. 

»FaiTin^oo,O.C.,Jour.  Geology,  vol.9,  p.  CM,  1901.  « Maskiilj-iiB,  N.  S.,  British  Assoc  Adv.  Sd.  Ann.  Rapt.,  ISnZ,  pt^ 

••M«tiin.O.P.,V.8.  Not.  Mus.  lToc.,Yol.  M,p.»7,lBa).  p.  ISS. 
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matter  which  in  composition  closely  resembled 
the  Earth.  Of  the  dimensions  of  that  mass  we 
know  nothing,  except  that  it  must  have  been 
large  enough  to  maintain  its  integrity  at  first 
in  a  fluid  state,  and  that  after  it  had  solidified 
crustal  movements  occurred  which  produced 
the  pocuUar  structures  of  meteoric  stones.  Its 
disruption  took  place  long  ago,  how  long  we  can 
not  say;  and  many,  perhaps  the  greatest  num- 
ber, of  its  fragments  reached  the  Earth  shortly 
after  the  catastrophe.  Of  course  we  can  not 
assume  that  there  was  only  one  such  mass; 
Uiere  may  have  been  more  than  one,  but  that 
question  is  not  germane  to  the  present  discus- 
sion. The  known  meteorites  show  clear  indi- 
cations of  a  common  origin ;  whether  from  one 
or  two  planetoids  we  need  not  ask. 

From  what  has  been  said  so  far,  it  is  clear 
that  the  Earth  was  once  a  fluid  mass,  in  which 
as  it  cooled  the  iron  separated  from  the  silicates 
just  as  it  does  from  the  slag  in  a  blast  furnace. 
The  solid  Earth,  then,  consists  of  two  compo- 
nents— a  nucleus  of  metallic  nickel-iron  and  an 
envelope  of  silicate  rocks.  This  conclusion  is 
by  no  means  new.  It  has  been  adopted  by 
many  other  writers,  and  especially  by  Wie- 
chert,"  whose  argument  is  based  on  geodetic 
data.  For  the  composition  of  the  nucleus  we 
have  Farrington's  average  of  318  analyses  of 
meteoric  iron,  which,  however,  is  subject  to 
correction  for  its  inclusion  of  other  substances. 
What,  now,  is  the  average  composition  of  the 
lithosphere  ? 

For  the  composition  of  the  lithosphere  we 
have  that  of  the  igneous  rocks  near  its  surface 
and  that  of  the  stony  meteorites,  which  are 
supposed  to  represent  the  material  closest  to 
the  central  iron.  Between  the  two,  the  top 
and  bottom  of  the  lithosphere,  there  is  a  wide 
gap,  which  can  be  filled  only  hypothctically — 
that  is,  by  making  probable  or  at  least  plaus- 
ible assumptions.  In  the  first  place  we  may  as- 
sume that  between  the  lighter  rocks  at  the  surface 
and  the  heavier  at  the  bottom  there  is  a  fairly 
regular  gradation,  from  an  average  andesite 
above  to  a  peridotite  below.  In  this  hypothe- 
sis an  average  basalt  may  be  assumed  to  fill  the 
gap,  without  much  risk  of  serious  error.  For 
the  composition  of  the  basalt  we  may  use  the 
average  of  161  analyses  as  computed  by  Daly,^^ 
but  reduced  here  to  elementary  form.     For  the 

»  Wiechert,  E.,  Oesell.  Wiss.  GOttingen  Nachr.,  1897,  p.  221. 
"  Daly,  R.  A.,  Am.  Acad.  Proc.,  vol.  45,  p.  211, 19ia 


mean  composition  of  the  lithosphere  there  are, 
then,  three  averages  to  be  combined,  as  follows: 
First,  the  average  for  the  surface  rocks;  second, 
that  of  the  basalt;  and  third,  that  of  the  meteo- 
ric stones  as  given  by  Merrill.  In  this  com- 
bination the  minor  constituents  are  discarded, 
as  representing  small  corrections  that  can  be 
applied  when  it  is  desirable  to  do  so.  The  in- 
completeness of  the  meteorite  analyses  renders 
the  omission  necessary.  The  three  sets  of  fig- 
ures, given  equal  weight,  appear  in  the  follow- 
ing table,  together  with  their  mean,  the  com- 
position of  the  Uthosphere. 

Average  covxposition  of  the  litho$phere. 


The 
litho- 
sphere. 


Oxygen 

Silicon 

Aluminum. 

Iron 

Magnesium 
Calcium... 

Sodium 

Potassium. 
Titanium.. 
Manganese. 
Phosphorus 
Chromium. 


Surface 
rocks. 

Basalt. 

Meteoric 
stxine. 

46.72 

44.28* 

42.16 

27.76 

23.27 

21.21 

8.13 

8.44 

1.70 

5.12 

8.87 

15.25 

2.10 

3.76 

16.12 

3.64 

6.49 

1.48 

2.86 

2.34 

.82 

2.60 

1.28 

.31 

.73 

.83 

.12 

25 

.50 

.16 

.19 

.06 

.45 

100.00 

100.00 

100.00 

44.38 

24.08 

6.09 

9.75 

7.33 

3.87 

2.01 

1.39 

.52 

.29 

.12 

.17 


100.00 


It  will  be  noticed  that  in  this  average  the 
nickel-iron  of  the  meteoric  stones  does  not  ap- 
pear. It  is  included  in  the  total  amount  of 
metal  which  is  required  to  bring  the  density  of 
the  Earth  up  to  5.5. 

Here  we  may  venture  to  use  a  cunous  anal- 
ogy to  which  Wiechert  has  called  attention.** 
Astronomers  are  generally  agreed  that  the 
Moon  was  originally  thrown  oflf  from  the 
Earth.  If  so,  its  composition  should  be  essen- 
tially like  that  of  the  lithosphere.  Its  mean 
density,  3.34,  is  that  of  some  meteoritic  olivines. 
Tliat  density,  however,  is  too  high  for  the  stony 
portion  of  the  lithosphere  and  suggests  that 
the  Moon  contains,  like  the  meteoric  stones^ 
some  nickel-iron.  The  average  meteoric  stone, 
according  to  Merrill's  calculation,  contains 
nearly  15  per  cent  of  nickel-iron,  sulphides,  and 
phosphides.  The  average  density  of  78  mete- 
oric stones,  as  computed  by  me,  is  3.54,  a  value 
that  fits  in  well  with  the  figures  given  above. 

»  Wiechert,  E.,  Deutsche  Kundschau,  vol.  132,  p.  376, 1907.    English 
translation  La  Smithsonian  Inst.  Ann.  Rept.,  1906,  p.  431. 
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To  the  stony  matter  alone  of  the  lithospherc  a 
probable  density  of  3.2  may  reasonably  be 
assigned.'^  That  of  the  surface  crust  is  about 
2.8.  For  the  density  of  the  metallic  nucleus 
the  figure  7.8  is  commonly  assumed,  but  it  may 
be  a  trifle  too  high.  No  allowance  is  made  for 
inclusions  of  lighter  material,  but  a  density  of 
7.7  would  probably  be  a  minimum.  The  mean 
density  of  the  Earth,  as  given  by  different 
authorities,  lies  somewhere  between  5.5  and  5.6. 
With  the  data  now  at  hand  we  can  compute, 
at  least  approximately,  the  composition  of 
the  Earth  as  a  whole  and  the  relative  abun- 
dance of  the  elements  in  the  solar  system. 
Wiechert*®  has  already  shown  that  the  iron 
nucleus  of  the  Earth  and  its  rocky  envelope 
are  roughly  equal  in  volume.  If  we  assign 
to  the  Earth  and  its  two  components  the 
respective  densities  of  5.5,  7.8,  and  3.2  this 
relation  holds  exactly,  and  no  probable  changes 
in  these  values  will  greatly  modify  Wiechert's 
conclusion.  Whatever  permissible  values  we 
assign  to  the  densities  the  two  volumes  will 
approach  equality.  The  variations  will  not 
exceed  3  per  cent  in  either  direction — that 
is,  for  a  little  more  iron  and  a  little  less  rock, 
or  vice  versa.  From  the  volumes  and  the 
densities  the  relative  masses  of  the  two  com- 
ponents of  the  Earth  can  be  determined,  and 
then  Farrington's  average  composition  of 
meteoric  iron  and  that  of  the  lithosphere  can 
be  combined  together.  This  combination  has 
already  been  attempted  by  Farrington,^^  but 
with  the  three  densities  taken  as  5.57,  7.8, 
and  2.8.  Here  the  figure  for  the  density  of 
the  Earth  is  probably  too  high,  and  that  of 
the  lithosphere  certainly  too  low.  For  the 
composition  of  the  Earth  by  weight  they  give 
73.6  per  cent  of  free  metals  and  26.4  per  cent 
of  rock.  With  the  densities  5.5,  7.8,  and  3.2 
the  percentages  become  70.75  and  29.25, 
respectively.  Considered  as  representing  orders 
of  magnitude,  and  we  can  expect  nothing 
more,  these  two  estimates  are  not  very  far 
apart.  In  the  following  combination  the  two 
percentages  are  rounded  off  to  71  and  29. 
Farrington's  combination,  however,  differs 
from  ours  not  only  in  the  assumed  densities 
but  also  in  assigning  to  the  composition  of 
the  lithosphere  that  of  its  10-mile  crust.  The 
two  combinations  are  not  comparable. 

»  WIechert  (op.  dt.,  1907),  gives  a  density  of  3.4.    In  his  earlier  paper 
he  adopts  the  value  3.2. 
»  WIechert,  E.,  OeseU.  Wiss.  GSttingen  Nachr.,  1887,  p.  243. 
n  Farrlngton,  O.  C,  Field  Columbian  Mus.  Pub.  161, 1911. 


Average  composition  of  the  Earth. 


Nickel- 
iron  (71 
per  cent.) 

Litho- 
sphere (29 
percent.) 

The 
Earth  (100 
per  cent). 

1 
Oxygen 

44.38 

24.08 

6.09 

9.75 

12.77 

Silicon 

6.98 

AliimiTi^im.., , 

1.86 

Iron 

Nickel 

90.64 

8.51 

.58 

67.20 
6.04 

Cobalt 

.41 

MagTlpm^lTTl 

7*33 

3.87 
2.01 
1.39 
.52 
.29 
.12 
.17 

(?) 

2.13 

Calcium 

1.12 

Sodinm.... 

.58 

PntflflHiiim 

.39 

Titanium 

.15 

Mani^nese 

1 

.08 

Phosphorus 

.17 
.01 
.09 

.16 

Chromium 

.07 

Sulphur,  carbon,  copper. 

.06 

100.00 

100.00 

100.00 

It  needs  no  argument  to  show  that  these 
figures  have  no  claim  to  anything  like  finality 
and  that  their  value  depends  upon  the  assump- 
tions that  imderlie  the  calculations.  The 
fundamental  assumption,  which  rests  upon 
pretty  definite  evidence,  is  that  the  original 
mass  of  which  the  meteorites  are  fragments  was 
similar  in  composition  to  the  Earth  and  was 
formed  in  the  same  way. 

The  second  assumption,  that  the  Earth  con- 
tains a  nucleus  composed  mainly  of  nickel-iron, 
surrounded  by  a  stony  envelope,  is  sustained 
by  the  facts  that  the  Earth  behaves  like  a 
huge  magnet  and  that  its  mea.  density  is 
about  double  that  of  the  surface  rocks.  The 
application  of  these  facts  to  the  problem  in 
hand  involves  subordinate  assumptions  as  to 
the  relative  densities  of  the  nucleus  and  the 
lithosphere.  No  probable  change  in  the  figiu"es 
assigned  to  these  densities  can  make  any  great 
change  in  the  orders  of  magnitude  as  given  in 
the  table.  The  relative  order  of  abundance 
will  be  the  same,  with  iron  first,  oxygen  second, 
silicon  third,  and  so  on.  As  for  the  scarcer 
elements,  those  which  do  not  appear  in  the 
table,  their  total  amount  can  not  much  exceed 
1  per  cent,  and  their  inclusion  would  make 
only  insignificant  changes  in  the  percentages 
assigned  to  the  really  abimdant  substances. 
After  making  all  reasonable  allowances  for  the 
scarcer  elements,  we  can  say  that  ten  of  the 
more  abundant  ones,  all  below  60  in  atomic 
weight,  make  up  at  least  99  per  cent  of  all 
terrestrial  matter.  They  are  among  the  sim- 
plest  and  therefore  the  most  stable  elements- 
and  were  formed   in   the  lai^est   quantities. 
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This  rule,  as  has  been  shown  ah-eady,  is  re- 
vealed by  the  evidence  furnished  by  the  stellar 
spectra. 

Whether  all  the  members  of  the  Solar  Sys-, 
tern  are  precisely  aUke  in  composition  is  and 
must  remain  a  matter  of  conjecture.  It  is 
conceivable  that  the  outer  planets  may  be 
somewhat  richer  than  the  Earth  in  the  lighter 
elements,  such  as  aluminum,  magnesium,  cal- 
cium, and  the  alkali  metals.  On  the  other 
hand,  the  Sun  may  be  richer  in  iron.  If  that 
supposition  is  correct,  then  the  inner  planets 
should  approximate  an  average  composition 
and  represent  the  entire  system.  This  hypoth- 
esis, of  course,  can  neither  be  proved  nor  dis- 
proved.    Definite  evidence  is  lacking. 

Prom  the  analyses  of  meteoric  stones  we  can 
obtain  some  additional  suggestions  as  to  the 
distribution  of  matter  within  the'  Earth.  In 
one  of  Farrington's  papers,''  which  I  have 
already  cited,  he  has  tabulated  125  analyses  of 
meteoric  stones,  classified  according  to  the 
quantitative  system.  One  analysis  falls  in  the 
salfemic  class,  9  are  dofemic,  and  94  perfemic. 
The  classes  persalane  and  dosalane  are  entirely 
missing,  for  they  belong  to  the  destroyed  sur- 
face of  the  wrecked  planetoid.  Now,  these 
analyses  show  a  distinct  gradation  in  the 
amounts  of  nickel-iron  which  the  stones  con- 
tain. The  few  feldspathic  meteorites,  those 
that  were  nearest  the  surface  of  the  parent 
mass,  contain  little  or  no  nickel-iron,  which 
increases  with  some  regularity  to  the  end  of  the 
perfemic  series.  The  regularity  is  not  sharp 
and  might  better  be  described  as  a  tendency, 
for  the  following  reasons : 

In  a  single  meteorite  of  large  size  the  nickel- 
iron  is  not  uniformly  distributed,  and  the 
analyses  were  made  on  small  fragments  of  not 
more  than  a  few  grams  in  weight.  Adjacent 
fragments  might  have  been  either  richer  or 
poorer  in  nickel-iron  than  those  which  were 
analyzed.  To  analyze  a  complete  stone  is 
never  practicable,  nor  is  it  feasible  to  sample  a 
meteorite  as  one  would  sample  an  igneous  rock 
or  a  carload  of  ore.  These  considerations 
amply  account  for  the  irregularities  shown  by 
the  analyses.  In  spite  of  these  difficulties  the 
tendency  toward  a  definite  arrangement  of  the 
meteorites  seems  to  be  fairly  clear.  If  they 
really  represent  a  planetoid  that  originally 
resembled  a  small  Earth,  the  distribution  of 

M  Ftfrington,  O.  C,  Field  Columbian  Mus.  Pub.  151, 191U 


matter  within  the  Earth  as  set  forth  below  is 
highly  probable. 

At  the  center  of  our  planet  we  should  have  a 
rather  ragged  spheroid,  with  no  weU-defined. 
margin,  consisting  mainly  of  nickel-iron.  Near 
its  surface  the  metal  would  assume  the  pallasite 
type  and  begin  to  show  inclusions  of  stony  matr 
ter,  principally  olivine.  This  material  wo]^dd 
gradually  shade  into  silicate  rocks  containing 
large  inclusions  of  free  metal,  and  so  on,  step  by 
step,  until  the  lighter  feldspathic  rocks  began 
to  appear.  These  rocks,  as  the  analyses  show, 
contain  little  or  no  nickel-iron,  and  that  pres- 
ent occurs  in  very  small,  sometimes  almost 
imperceptible  grains.  The  condition  thus  out- 
lined is  exactly  what  we  should  expect  to  rer 
suit  from  the  slow  cooling  of  a  molten  globe. 
The  heavier  substances  should  gravitate  to  tljie 
center,  followed  in  order  of  density  by  the 
lighter  substances.  The  evidence  at  our  dis- 
posal seems  to  warrant  the  conclusions  drawn 
from  it.  We  are  dealing,  however,  with  prob- 
abiUties,  not  with  proofs. 

From  the  evidence  presented  in  the  preced* 
ing  pages  some  additional  conclusions  may  be 
drawn.  If  the  Earth  consists  of  a  solid  nucleus 
of  nickel-iron,  surrounded  by  an  envelope  of 
siUcate  rocks  in  equal  proportions  by  volume, 
what  is  the  diameter  of  the  one  and  the  thick- 
ness of  the  other?  For  the  sake  of  simplicity 
we  may  assume  ideal  conditions,  as  follows: 
All  the  iron  is  supposed  to  be  concentrated  in 
the  form  of  a  perfectly  smooth  sphere,  in 
uniform  contact  with  its  envelope.  The  vol- 
ume of  the  Earth,  as  generally  accepted,  is 
259,886,000,000  cubic  miles.  This  corresponds 
to  a  nuclear  diameter  of  6,284  miles  and  a 
radius  of  3,142  miles.  Subtracting  this  figiure 
from  the  mean  radius  of  the  Earth,  3,959 
miles,  we  get  817  miles  as  the  average  thickness 
of  the  ideal  lithosphero.  This,  however,  is 
only  a  first  approximation  to  reality,  and  at 
least  one  correction  to  it  is  possible. 

In  calculating  the  average  composition  of  the 
lithosphere  one-third  of  it  was  assmned  to  be 
equivalent  to  an  average  meteoric  stone,  but 
with  one  qualification.  The  disseminated 
nickel-iron,  sulphides,  and  phosphides  were 
withdrawn  from  the  stone  and  added  to  the 
nucleus,  making  it  too  large  and  the  true 
lithosphere  too  small.  The  equality  of  voliune 
as  given  between  nucleus  and  envelope  is 
really  that  between  the  metallic  (or  rather 
meteoric)  iron  and  the  silicate  rocks. 
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The  metallic  inclusions  in  the  average 
meteoric  stone  amount  to  a  little  imder  15 
per  cent  by  weight,  and  even  less  by  volume. 
An  addition  of  5  per  cent  to  the  volume  of  the 
lithosphere,  and  a  corresponding  reduction  to 
the  nucleus  of  the  Earth,  only  lowers  the 
diameter  of  the  nucleus  to  6,192  miles  and 
raises  the  thickness  of  the  lithosphere  to  863 
miles.  This  is  probably  a  maximum  correc- 
tion, but  any  attempt  at  a  greater  refinement 
of  the  figures  would  be  useless.  Absolute 
accuracy  is  unattainable,  for  there  is  no  sharp 
dividing  line  between  the  two  components  of 
the  Earth.  Furthermore,  all  the  data  which 
have  been  used  in  the  calculations,  even  those 
relative  to  the  volume  of  the  Earth  and  its 
density,  are  subject  to  corrections  of  undeter- 
mined magnitude  and  direction.  There  is, 
nevertheless,  a  strong  probability  that  the 
diameter  of  the  nucleus  is  of  the  order  of  6,200 
miles  and  that  the  thickness  of  its  envelope  is 
less  than  900  miles.  Similar  figures  have  been 
obtained  by  Wiechert,"  who  assigns  to  the 
nucleus  a  diameter  of  10,000  kilometers,  or 
6,214  miles,  to  which  a  thickness  of  its  en- 
velope of  855  miles  corresponds.  Wiechert's 
results  and  mine  were  reached  by  entirely 
different  methods,  and  their  close  agreement  is 
therefore  very  satisfactory.  Gutenberg,^^  how- 
ever, from  a  study  of  earthquake  waves,  gives 
the  nucleus  of  the  Earth  a  radius  of  only  3,500 
kilometers,  or  2,175  miles.  The  corresponding 
thickness  of  the  lithosphere  is  1,784  miles,  or 
double  the  value  found  in  this  investigation. 
It  is  for  some  geode^sist  to  explain  this  discrep- 
ancy. 

Up  to  this  point  the  vexed  questions  of 
pressures  and  temperatures  within  the  Earth 
have  not  been  considered.  On  the  one  hand 
it  has  been  commonly  assumed  that  because 
of  increasing  pressure  the  densities  from  the 
surface  to  the  center  of  the  Earth  must  have 
steadily  increased,  and  a  similar  assumption 
has  been  made  with  regard  to  temperatures. 
But  here  we  have  two  opposing  forces,  one 
tending  to  increase,  the  other  to  diminish 
volumes.  Whether  these  forces  balance  or 
not  is  a  question  which  needs  more  considera- 
tion than  I  can  give  it.  In  its  investigation 
many  factors,  hitherto  generally  neglected, 
have  to  be  taken  into   account.     The  Earth 

»  Oesell.  Wiss.  Gottingen  Nachr.,  1897,  p.  243. 
**  aut«nberg,  B.,  idem,  1914,  p.  176. 


is  not  a  homogeneous  body.  It  is  made  up 
of  many  different  substances,  which  are  unlike 
in  composition,  in  density,  in  fusibility,  in 
specific  heat,  in  conductivity,  and  in  com- 
pressibility. Furthermore,  we  must  determine 
whether  compressibility  is  a  limited  property 
of  matter  or  whether  it  can  go  on  indefinitely. 
It  is  also  necessary  to  consider  the  compara- 
tively abrupt  change  from  the  envelope  of 
silicate  rocks  to  a  nucleus  of  metallic  iron, 
which  seems  to  be  sustained  by  strong  evidence. 
The  rocky  shell  of  the  Earth  is  more  compres- 
sible than  its  metallic  interior.  Anything  like 
a  regular  increase  of  density  within  the  Earth 
because  of  an  assumed  increase  of  pressure  is 
highly  improbable.  Unlimited  compressibility 
would  end  in  zero  volume,  which  is  absurd. 
There  must  be  a  limit  somewhere,  where 
pressure  and  the  resistance  to  pressure  exactly 
balance,  and  that  limit  may  have  been  reached 
in  the  metallic  nucleus  of  the  Earth,  an  in- 
ference which  is  suggested  by  the  rigidity  of 
our  planet.  If  it  has  not  been  reached  then 
the  volume  of  the  Earth  must  be  slowly  shrink- 
ing, but  of  that  there  are  no  clear  indications. 

The  assumption  that  temperatures  within 
the  Earth  increase  regularly  with  the  depth 
is  based  upon  a  verj'  short  range  of  observa- 
tions. In  deep  weUs  and  other  borings  the 
temperature  increases,  but  not  to  the  same 
extent  in  all  localities,  the  average  amount 
being  about  1°  F.  in  60  feet.  The  actual 
measurements  are  limited  to  depths  of  only  a 
little  more  than  a  Inile,  and  by  extrapolation 
the  conclusion  has  been  reached  that  at  the 
center  of  the  Earth  the  temperature  must  be 
high  enough  to  surpass  the  critical  tempera- 
tures of  all  known  substances.  The  tempera- 
ture of  the  Sun,  which  is  now  well  fixed  as 
something  like  6,000°  C,  would  thus  be  ex- 
ceeded many  times  over.  Extrapolation  some- 
times leads  to  very  surprising  conclusions. 

Let  us  now  consider  the  heat  of  the  Earth 
under  two  distinct  headings — namely,  i^dual 
or  original  heat  and  new  heat  such  as  is  con- 
stantly being  generated.  By  residual  heat  is 
meant  that  which  was  retained  by  the  cooling 
Earth  within  its  interior,  mainly  in  its  nucleus 
and  to  a  less  degree  in  the  lithosphere.  At 
and  near  the  surface  of  the  Earth  the  new 
heat  becomes  evident  as  the  result  of  chemical 
activity,  friction,  and  several  other  causes*^ 
The  heat  derived  from  radium,  as  shown  by 
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the  radioactivity  of  the  rocks,  has  in  recent 
years  received  much  consideration,  but  its 
importance  may  have  been  exaggerated.  It 
is,  however,  not  negligible.  That  due  to  the 
impact  of  meteorites  is  relatively  insignificant. 

That  chemical  changes  are  constantly  taking 
place  in  the  crust  of  the  Earth  is  a  matter  of 
common  observation,  and  each  one  has  defi- 
nite thermal  significance.  Some  reactions  are 
exothermic  and  others  are  endothermic,  but 
whether  these  gains  or  losses  of  heat  balance 
or  one  or  the  other  predominates  is  difl[icult 
and  perhaps  impossible  to  determine.  Rocks 
are  decomposed  by  the  joint  action  of  air  and 
water,  and  heat  is  both  gained  and  lost  in  the 
rather  complex  processes.  The  intensity  of 
the  reactions  is  greatest,  of  course,  in  humid 
areas  and  least  in  desert  regions;  it  can  not 
be  the  same  for  all  localities.  To  discuss  this 
question  at  length  would  hardly  be  justifiable 
in  a  paper  of  this  kind:  it  is  enough  to  show 
that  the  question  deserves  consideration. 
Even  the  heat  emitted  by  volcanoes  is  in  part, 
if  only  a  small  part,  of  chemical  origin.  The 
heat  of  some  coal  mines  and  of  mines  in  which 
sulphide  ores  are  worked  is  due  to  oxidation. 
Examples  like  these  might  be  multiplied  in- 
definitely. In  many  of  the  changes  solar 
radiations  also  take  part,  and  energy  that  may 
be  released  later  is  stored  up  within  the  Earth. 

The  crust  of  the  Earth  is  constantly  in 
motion,  and  every  movement  is  accompanied 
by  friction.  The  slightest  tremor  generates  its 
share  of  heat,  and  its  aggregate  amount  must 
be  enormous.  Mountains  are  raised  to  great 
elevations;  rocky  strata  are  folded,  bent, 
broken,  or  distorted;  there  are  landslides  and 
all  the  varieties  of  erosion;  and  every  one  of 
these  movements,  great  or  small,  is  a  source 
of  what  I  have  called  new  heat.  Even  vol- 
canic heat  is  partly  and  perhaps  largely  due  to 
friction.  Volcanoes,  as  a  rule,  are  situated 
along  lines  of  weakness  in  the  crust  of  the 
Earth,'  where  earthquakes  (and  consequently 
friction)  are  most  common. 

All  or  nearly  all  of  this  new  heat  is  generated 
at  or  near  the  surface  of  the  Earth.  Below  the 
level  of  isostatic  compensation,  the  depth  at 
which  surficial  excesses  and  defects  of  density 
are  balanced,  there  can  hardly  be  much  chemi- 
cal activity  and  very  little  friction.  An  earth- 
quake wave  may  penetrate  to  much  greater 
depths,  probably  to  the  margin  of  the  nucleus. 


but  its  thermal  significance  diminishes  as  it 
recedes  from  its  focus,  and  below  the  isostatic 
level,  which  is  put  at  about  60  miles,  it  can  not 
be  very  great.  At  greater  depths  the  tempera- 
ture, whatever  it  may  be,  is  due  to  residual  heat 
and  is  not  higher  than  the  average  melting  point 
of  igneous  rocks. 

The  conditions  in  the  nucleus  of  the  Earth 
are  very  different  from  those  in  the  lithospher#. 
Here  we  have  a  metallic  mass  more  than  6,000 
miles  in  diameter,  which  is  a  good  conductor  of 
heat.  It  is  practically  insulated  by  a  shell  of 
poorly  conducting  rock  at  least  800  miles  thick. 
Under  such  conditions,  because  of  its  con- 
ductivity, the  temperature  of  the  nucleus  should 
be  uniform  or  nearly  so  throughout  and  below 
the  melting  point  of  iron,  or  1,600®  C.  This 
conclusion  implies  that  the  nucleus  has  at- 
tained a  state  of  stable  equiUbrium,  which  is 
also  indicated  by  the  established  fact  that  the 
Earth  as  a  whole  is  rigid.  Only  near  the  sur- 
face is  this  rigidity  disturbed. 

Note. — Some  valuable  determinatioiis  of  the  compressi- 
bility of  rocks  and  minerals  have  recently  been  published 
by  L.  H.  Adams  and  E.  D.  Williamson  (Franklin  Inst. 
Jour.,  April,  1923).  Their  data,  as  applied  to  the  present 
discussion,  show  that  the  granitic  rocks  are  the  most  com- 
pressible, and  the  denser  rocks  much  less  so.  Granite  is 
a}x)ut  three  times  as  compressible  as  iron.  P^m  the  sur- 
face of  the  earth  to  its  nucleus,  therefore,  the  compressi- 
bility diminishes,  and  the  resistance  to  pressure  must 
steadily  increase. 

THE  DISINTEGRATION  OF  THE  ELEMENTS. 

Our  direct,  experimental  knowledge  of  atomic 
disintegration  began  with  the  discovery  by 
Ramsay  and  Soddy  in  1903  of  the  emission  of 
heliimi  from  radium.  This  discovery,  however, 
was  the  outgrowth  of  two  earlier  discoveries — 
that  of  radioactivity  by  Becquerel  in  1896  and 
of  polonium  and  radium  by  the  Curies  two 
years  later.  From  these  beginnings  a  new 
field  of  chemical  and  physical  research  has 
develo{>ed,  which  is  already  rich  in  funda- 
mental discoveries  and  is  represented  by  a 
voluminous  literature. 

The  study  of  radioactivity,  however,  covers 
only  one  phase  of  the  main  problem  of  elemental 
decay.  As  soon  as  it  was  clearly  recognized 
that  the  most  complex  elements  were  spon- 
taneously decomposing,  investigators  began  to 
attack  the  problem  along  other  lines  of  re- 
search, some  of  them  experimental  and  others 
mathematical.     The  atoms  that  had  been  re- 
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gardod  as  simple  were  seen  to  be  complex,  and 
it  was  sought  to  determine  their  structure. 
Attempts  were  and  are  still  being  made  to 
decompose  the  chemical  elements  by  artificial 
means,  and  some  significant  evidence  of  dis- 
integration has  been  furnished  by  iistronomy. 

The  study  of  radioactivity  is  primarily,  al- 
though not  entirely,  a  study  of  the  radiations 
^hich  the  most  complex  elements  emit.  These 
radiations  are  of  three  kinds,  known  as  alpha, 
beta,  and  gamma  rays,  which  differ  in  velocity 
and  in  the  extent  to  which  they  can  penetrate 
an  obstacle  in  their  paths,  such  as  a  sheet  of 
aluminum  foil.  The  different  products  of 
radioactivity — that  is,  of  atomic  disintegra- 
tion— are  identified  chiefly  by  the  character  of 
their  radiations.  The  alpha  rays  are  com- 
posed of  helium  atoms,  the  beta  rays  are 
*'  atoms"  of  negative  electricity,  and  the  gamma 
ray  is  regarded  as  possibly  an  electrically 
neutral  doublet  of  two  electrons  of  opposite 
sign.  Through  the  study  of  these  radiations 
more  than  thirty  new  substances  have  been 
discovered,  which  have  received  names  and  to 
which  have  been  given  atomic  weights  (except 
in  the  actinium  series)  and  atomic  numbers. 
In  the  following  table,  which  is  abridged  from 
that  recently  published  by  the  International 
Commission  on  the  Chemical  Elements,  the 
present  state  of  our  knowledge  of  the  radio- 
active elements  is  well  shown.  Some  details, 
not  needed  in  the  present  discussion,  have  been 
omitted  from  the  complete  table.  The  letter 
T  at  the  head  of  the  first  column  refers  to  the 
"period"  of  each  substance — that  is,  the  time 
in  which  the  quantity  of  an  '* element"  is 
diminished  to  one-half,  the  '^half-life  period," 
as  it  is  commonly  called.  The  column  headed 
''radiation"  gives  the  characteristic  rays  which 
the  substances  emit. 

This  table  evidently  has  no  claim  to  finality. 
It  is  a  valuable  summary  and  classification  of 
experimental  data,  but  it  also  contains  impli- 
cations which  sooner  or  later  must  be  revised. 
The  basic  facts  are  as  follows:  Uranium  and 
thorium  are  slowly  decaying,  and  in  doing  so 
they  generate  series  of  products  which  are  also 
un^able  and  which  seem  to  end  in  the  forma- 
tion of  lead.  A  few  of  these  products  are  long- 
lived,  with  periods  measured  by  years;  others 
change  with  almost  incredible  swiftness,  and 
for  some  of  them  the  periods  consist  only  of 


minutes,  or  even  of  small  fractions  of  a  second. 
The  disintegration  of  uranium  and  its  products 
follows  two  distinct  lines — one  through  ionium 
and  radium,  the  other  forming  the  actinium 
series.  The  thorium  series,  so  far  as  we  know, 
is  single. 

Each  of  the  three  series  given  in  the  table 
divides  at  about  its  middle  into  two  parts, 
with  the  line  of  demarcation  marked  by  the 
appearance  of  the  gaseous  emanations  of  ra- 
dium, actinium,  and  thorium  X.  For  these 
emanations  the  names  ^^radon*'  (formerly  niton), 
'^actinon,"  and  ^'thoron"  are  proposed.  These 
emanations  are  short-lived  and  give  rise  as  they 
decay  to  what  are  called  ''active  deposits,'* 
which  are  nonvolatile  and  can  be  collected  and 
concentrated  upon  negatively  chained  metallio 
points  or  surfaces.  These  deposits  in  turn 
decay,  and  so  on  to  the  end  of  the  series. 

Now,  without  doubting  the  accuracy  of  the 
experimental  data  upon  which  the  foregoing 
table  is  based,  we  may  examine  the  inferences 
that  are  drawn  from  them.  Here  we  must 
again  point  out  the  difference  between  normal 
and  abnormal  or  defective  elements.  The 
normal  elements  are  those  which  were  devel- 
oped in  the  ordinary  course  of  evolution;  the 
abnormal  elements  are  those  which  were  pro- 
duced by  decay.  The  difference  between  the 
two  classes  is  very  definite.  The  normal  atoms 
are  believed  to  be  veritable  storehouses  of 
potential  energy.  In  the  series  of  radioactive 
elements  that  energy  is  becoming  partly  ki- 
netic. The  distinction  is  perfectly  clear.  Some 
of  the  products  of  radioactivity  are  too  ephem- 
eral to  be  called  elements  at  all.  They 
represent  matter  in  a  state  of  transition  from 
one  form  to  another,  and  the  atomic  weights 
assigned  to  them  are  purely  hypothetical.  As 
for  uranium  and  thorium,  they  are  partly 
decayed  and  are  still  decaying,  but  they  must 
have  been  originally  developed  as  normal  ele- 
ments under  conditions  of  pressure  or  tempera- 
ture of  which  we  know  nothing.  To  quote  an 
apt  remark  of  Eddington,*^  in  his  lecture  upon 
the  borderland  between  astronomy  and  geology: 
"  In  radioactivity  we  see  a  mechanism  running 
down  which  must  at  some  time  have  been 
wound  up."     This  fits  the  cases  of  uranium 

36  Eddington,  A.  S.,  Nature,  Jan.  6, 1023. 
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The  radioactive  elements. 


Tbe  aranlmii-rsdtam  •eiie*. 


T. 

Name. 

Symbol. 

Atomic 
weight. 

Atomic 
number. 

i 
Isotope. 

1 

U 

Radiation. 

4.67X10»yeare 

Uranium  I 

UI 

238 

92 

cr 

24.6  days 

Uranium  Xi 

UX, 

234 

90 

1       Th 

/J 

1.15  minutes 

Uranium  X^ 
Uranium  IT 

UX, 
UII 

234 

91 

Pa 

/3(7) 

2X10^  years 

234 

92 

U 

a 

6.9X10*  years 

Ionium 

lo 

230 

90 

Th 

a 

1690  years 

Radium 

Ra 

226 

88 

Ra 

a  (^+7) 

3.85  days 

Radon 

Rn 

222 

86 

Rn 

a 

3.0  minutes 

Radium  A 

RaA 

218 

84 

Po 

a 

26.8  minutes 

Radium.  B 

RaB 

214 

82 

Pb 

0(y) 

19.5  minutes 

Radium  C          — 

RaC 

214 

83 

Bi 

99.97%  ^and7 

10^  second 

Radium  C 

RaC^ 

214 

84 

Po 

a 

16.5  years 
5.0  aays 

Radium  D 

RaD 

210 

82 

Pb 

{fi  and  y) 

Radium  E 

RaE 

210 

83 

Bi 

fi 

136  days 

Radium  F 
(Polonium) 

RaF 

(Po) 

210 

84 

Po 

«(7) 

Radium  iV 
(Lead) 

Rajy 

206 

82 

Pb 

Radium  C 

RaC 
Racy^ 

214 
210 

83 
81 

Bi 
Tl 

0.03%a 

1.4  minutes 

Radium  C' 

Radium  ^^ 

Raiy^    1 

210 

82 

Pb 

The  actlnlam  aeries. 


Uranium  ? 
Uranium  Y 
Protoactinium 
Actinium 

? 
? 
? 
? 

92 
90 
91 
89 

U 
Th 
Pa 
Ac 

1 
a 

1.04  days 

1.2X10*  years 

20  years 

UY 
Pa 
Ac 

a 

19.5  days 

Radioactinium 

RdAc 

? 

90 

Th 

11.4  days 

3.9  seconds 

2.01  XlO-«  second 

36.1  minutes 

2.15  minutes 

Actinium  X 
Actinon 
Actinium  A 
Actinium  B 
Actinium  C 

AcX 
An 
AcA 
AcB 
Ac(^ 

? 

? 
? 

• 

? 

• 

88 
86 
84 
82 
83 

Ra 
Rn 
Po 
Pb 
Bi 

a 
a 
a 

(fi  and  7) 
a 

1        4.71  minutes 

Actinium  (y^ 

Acr^ 

m 

81 

TI 

/3  and  y 

Actinium  Q^^ 
(hypotheiical) 

Aciy^ 

•> 

82 

Pb 

The  thorium  series. 


1.31X10'Ovears 

Thorium                             Th 

232 

6.7  years 
6.2  hours 

Mcsothorium  1 

MsThl 

228 

Mesothonum  2 

M8Th2 

228 

2.02  years      . 

Radiothorium             \     RdTh 

228 

3.64  days 

Thorium  X 

ThX 

224 

54  seconds 

Thoron 

Tn 

220 

0.14  second 

Thorium  A 

ThA 

216 

10.6  hours 

Thorium  B 

ThB 

212 

60  minutes 

Thorium  C 

The 

212 

10""  second 

Thorium  C^ 

ThC^ 

212 

...... 

Thorium.  iV 
(Lead) 

Thrr 
Pb» 

208 

Thorium  C          — 

ThC 

212 

3.1  minutes 

Thorium  C'^ 

208 

Thorium  iV^ 

Thsy^ 

208 

1 

(Lead) 

Pb" 

1 
K         1 

1 

• 

Pofnaaium 

39.  I 

Rubidium                            lib 

1 

85.  5 

19 
37 


90 

Th 

88 

Ra 

89 

Ac 

90 

Th 

88 

Ra 

80 

Rn 

84 

Po 

82 

Pb 

83 

Bi 

84 

Po 

82 

Pb 

83 

Bi 

81 

Tl 

82 

Pb 

82 
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and  thorium  exactly.  When  the  conditions 
that  permitted  the  evolution  of  uranium 
ended,  then  disintegration  began. 

The  atomic  weights  of  normal  uranium  and 
thoriimi  are  unknown. 

The  values  assigned  to  them  really  represent 
mixtures  of  the  normal  elements  with  some  of 
their  decomposition  products,  of  which  we 
know  only  those  that  are  revealed  by  their 
radiations.  That  there  may  be  residues  left 
behind  which  are  as  yet  undiscovered  seems  to 
be  unquestionable.  The  actual  determinations 
of  atomic  weight  were  made  with  masses  of 
material  containing  milhons  of  atoms,  some  of 
them  intact  and  others  represented  by  imex- 
pelled  products  of  disintegration.  If  all  the 
atoms  were  broken  down  at  once,  there  would 
be  neither  uranium  nor  thorium  left.  Fur- 
thermore, the  atomic  weight  assigned  to  tho- 
rium is  affected  by  another  complication.  It 
is  doubtful  whether  any  thorium  compounds 
are  known  which  are  quite  free  from  its  isotope, 
ionium.  The  atomic  weight  of  ionium  has 
been  shown  by  Honigschmid  to  be  at  least  as 
low  as  231.5,  and  probably  lower.  That  of 
purified  thoriimi  must  certainly  be  higher  than 
the  accepted  232.2,  but  the  exact  value  is  un- 
determined. The  presence  of  ionium  gives  it 
too  low  a  value. 

The  atomic  weights  and  numbers  assigned  to 
the  products  of  radioactive  decay  are,  with  a 
few  exceptions,  hypothetical.  The  atomic 
weight  of  radium  as  actually  determined  is 
225.95,  and  it  faUs  into  place  in  the  periodic 
system.  For  its  emanation,  radon,  the  value 
is  near  222,  but  the  determination  is  not  as 
exact  as  is  desirable.  Radium,  moreover,  and 
also  radon  are  still  decaying,  and  the  values 
given  to  them  are  therefore  subject  to  the  same 
uncertainties  as  those  which  affect  the  atomic 
weights  assigned  to  uranium  and  thorium.  If 
corresponding  normal  elements  exist,  their 
atomic  weights  should  be  somewhat  higher. 
The  so-called  isotopes  of  lead  will  be  c(m- 
sidered  later. 

From  what  has  been  said  in  the  preceding 
paragraphs  it  is  evident  that  the  atomic 
weights  and  numbers  assigned  to  the  radio- 
active '^ elements''  are  in  need  of  careful  re- 
vision. The  atomic  weights  start  from  two 
that  are  certainly  in  error  and  are  developed 
on  the  assumption  that  each  step  downward 


is  due  entirely  due  to  the  loss  of  alpha  particles. 
But  does  that  loss  represent  all  the  change 
which  has  taken  place  ?  And  how  large  a  pro- 
portion of  the  atoms  in  a  given  mass  of  uranium 
or  thorium  has  been  decomposed?  Further- 
more, is  Moseley's  law  of  atomic  nimibers  ap- 
phcable  to  products  of  decay — for  example,  to 
radium  C  ?  That  product  of  radioactivity  has 
a  period  of  only  10"®  second;  it  comes  into  ex- 
istence, pays  a  flying  call  on  atomic  number  84, 
and  then  vanisties.  To  call  such  a  substance  an 
element  verges  on  absurdity.  Moseley's  law 
may  be  vahd  for  the  normal  elements,  but  it 
has  not  yet  been  tested  throughout  the  scale  of 
atomic  weights.  The  evidence  in  its  favor  is 
incomplete.  In  the  actinium  series  no  atomic 
weights  are  assumed,  for  the  reason  that  the 
exact  ancestry  of  actinium  is  still  uncertain. 
None  of  these  doubts,  however,  attaches  to 
the  atomic  weights  of  potassium  and  rubidium, 
two  metals  which  are  feebly  radioactive  but 
are  independent  of  the  uranium  and  thorium 
series. 

In  the  table  of  the  radioactive  elements  six 
members  are  reported  as  isotopes  of  lead. 
That  is,  although  the  atomic  weights  assigned 
to  them  range  from  206  to  214,  they  are  given 
the  same  atomic  nimiber  with  lead,  No.  82, 
and  appear  in  the  same  place  in  the  periodic 
classification.  These  isotopes  are  radium  B, 
radium  D,  actinium  B,  actinium  D,  uranium 
lead,  and  thorium  lead.  Three  of  them  are 
short-lived  and  need  not  be  considered  f iu*ther 
here.  Radium  D,  however,  sometimes  called 
'*  radio-lead, "  is  part  of  the  active  deposit  of 
radon:  and  it  has  been  collected  in  sufficient 
quantity  for  qualitative  tests  and  gives  some 
reactions  that  are  like  those  of  normal  or  ordi- 
nary lead.  Its  period  is  16.5  years,  and  its 
hypothetical  atomic  weight  is  210. 

The  two  isotopes  that  end  the  radioactive 
series,  uranium  lead  and  thorium  lead,  are  on 
a  different  footing  from  the  others.  They  are 
obtained  from  minerals  containing  them  in 
sufficient  quantities  for  good  determinations 
of  atomic  weight.  These  deterndnations  give 
different  values  for  the  lead  from  different 
sources,  showing  that  mixtures  of  normal  lead 
with  its  isotopes  are  of  common  occurrence  in 
radioactive  minerals.  In  the  most  perfect  and 
brilliant  crystals  of  uraninite,  which  are  foimd 
in  granitic  pegmatites,  normal  lead  seems  to  be 
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sbsent,  and  the  isotopic  lead  has  an  atomic 
weight  very  close  to  206,  the  lowest  value  yet 
found.  For  thorium  lead,  derived  from  ores 
of  thorium,  the  lowest  value  is  208.  Are 
these  the  real  ends  of  the  radioactive  series, 
or  does  disintegration  proceed  still  further? 
So  far,  this  question  is  not  completely  answered. 

The  existence  of  these  isotopes  has  led  to  u 
belief,  or  rather  a  suspicion,  that  ordinary 
lead  is  a  mixture  and  not  a  single  definite 
substance.  How  far  is  this  suspicion  verified  ? 
Is  the  atomic  weight  of  ordinary  lead  constant 
or  variable  ?  To  answer  these  questions  Baxter 
and  Grover  made  elaborate  series  of  analyses 
of  lead  bromide  and  chloride  from  very  differ- 
•ent  sources.  Lead  was  obtained  from  galena, 
oerusite,  vanadinite,  and  wulfenite,  and  the 
minerals  came  from  widely  separated  locali- 
ties— ^namely,  Idaho,  Arizona,  Washington. 
Missouri,  Germany,  and  Australia.  Four  dif- 
ferent minerals  and  seven  localities  furnished 
the  material  for  the  determinations,  and  com- 
mercial lead  nitrate  was  also  included  in  the 
investigation.  Four  series  of  determinations 
were  made,  giving  average  values  for  the 
atomic  weight  of  lead  ranging  from  207.18  to 
207.23,  an  extreme  difference  of  1  part  in 
4,144,  which  is  quite  ¥dthin  the  allowable 
limits  of  experimental  uncertainty.  The 
atomic  weight  of  normal  lead  is  a  definite 
quantity  and  not  a  statistical  average  of  the 
different  values  found  for  its  isotopes.  To 
maintain  such  a  uniform  average  the  isotopes 
should  always  be  mixed  in  exactly  the  same 
proportions,  and  that  is  extremely  improbable. 

One  very  uncertain  assumption  has  been 
made  as  to  the  nature  of  isotopes.  Those  of 
lead,  for  instance,  are  said  to  be  chemically 
identical  and  not  separable  by  chemical 
methods.  That  simply  means  that  no  such 
separation  has  yet  been  effected;  but  there  is 
no  proof  that  it  may  not  be  effected  in  the 
future.  The  prediction  of  impossibilities  is 
not  always  verified.  Many  failures  are  on 
record. 

That  the  products  of  radioactivity  are  prod- 
ucts of  decomposition  is  proved,  but  their  defi- 
niteness  is  not  so  certain.  All  or  nearly  all  of 
them  are  unstable  and  undergoing  change,  some 
rapidly  and  others  with  extreme  slowness. 
Their  isotopy,  moreover,  is  largely  hypothet- 
ical, for  how  can  two  products  be  called  isotopic 


when  both  are  undergoing  alteration  and  at 
different  rates?  Only  for  uranium  lead  and 
thorium  lead  can  isotopy  be  regarded  as  estab- 
lished, and  even  for  these  the  claim  must  be 
held  with  reservations.  The  isotopes  differ 
from  normal  lead  in  some  physical  properties, 
but  that  they  are  its  equal  as  regards  stability 
is  still  uncertain.  The  stable  product  of  evolu- 
tion and  the  products  of  decomposition  are  not 
cjuite  the  same.  Their  similarity  may  be  illu- 
sive.    This  possibihty  should  not  be  ignored. 

Reference  has  already  been  made  to  Aston's 
work  on  "mass  spectra" — work  which  is  of 
great  value,  regardless  of  any  interpretation 
that  may  be  put  upon  it.  Are  his  isotopes 
substances  of  the  same  order  as  those  that 
appear  in  radioactivity  i 

The  "mass  spectra"  described  by  Aston ^ 
represent  an  artificial  disintegration  of  ele- 
ments, and  his  process  is  roughly  as  foUows: 
An  element  or  one  of  its  compounds  is  bom- 
barded by  powerful  positive  rays  in  a  magnetic 
field.  The  rays,  differently  deflected,  finaUy 
impinge  upon  a  carefully  calibrated  photo- 
graphic plate,  upon  which  they  give  lines  that 
are  interpreted  as  belonging  to  isotopes.  From 
the  position  of  these  lines  the  -atomic  weights 
of  the  isotopes  are  determined,  within  a  sup- 
fK)sed  accuracy  of  1  part  in  1,000,  or  one-tenth 
of  1  per  cent,  a  rather  large  uncertainty. 

It  is  not  necessary  for  present  purposes  to  go 
into  the  details  of  As  ton's  work.  They  are 
fully  given  in  his  book  on  isotopes.  Suffice  it 
to  say  that  his  apparatus,  his  "mass  specto- 
graph,"  is  very  comphcated,  and  his  technique 
is  exceedingly  refined.  The  essential  fact  is 
that  the  elements  undergo  certain  changes 
when  subjected  to  the  action  of  positive  rays. 
Other  methods  for  attaining  results  similar  to 
iiston's  have  been  developed  by  Sir  J.  J. 
Thomson  and  by  A.  J.  Dempster,  but  they  also 
are  applications  of  what  is  called  positive-ray 
analysis.  The  products  of  these  analyses,  re- 
garded as  isotopic,  are  given  in  the  following 
table,  which  is  abridged  from  the  table  pub- 
lished by  the  International  Commission  on  the 
Chemical  Elements  in  1923.  The  figure  relat- 
ing to  glucinum  is  due  to  G.  P.  Thomson; 
those  of  magnesimn,  calcium,  and  zinc,  to 
Dempster;  all  the  others  are  Aston's.  A  num- 
ber inclosed  in  parentheses  is  doubtful. 

«•  Aston,  F.  W.,  Isotopes.  London,  1022. 
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Isotopes. 


Mini- 

9 

g 

Atomic 
num- 
ber. 

Atomic 
weight. 

mum 
number 
of  iso- 

Masses  of  isotopes. 

0 

topee. 

1 

• 

H 

1 

1.008 

1.008 

He 

2 

4.00 

1 

4 

T.i 

3 

6.94 

2 

7:6 

01 

4 

9.02 

1 

9 

B 

5 

10.9 

2 

11;  10 

C 

6 

12.005 

1 

12 

N 

7 

14.008 

1 

14 

0 

8 

16.000 

1 

16 

F 

9 

19.0 

1 

19 

Ne 

10 

20.2 

2 

20;  22 

Na 

11 

23.00 

1 

23 

» 

12 

24.32 

3 

24;  25;  26 

13 

27.0 

1 

27 

Si 

14 

28.1 

2 

28;  29;  (30) 

P 

15 

3L04 

1 

31 

S 

16 

32.06 

1 

32 

CI 

17 

35.46 

2 

35;  37 

A 

18 

39.9 

2 

40;  36 

K 

19 

39.10 

2 

39;  41 

Ca 

20 

40.07 

(2) 

40;  (44) 

Fe 

26 

55.84 

(1) 

56;  (54) ? 

Ni 

28 

58.68 

2 

58;  60 

Zn 

30 

65.  37 

4 

64;  66;  68;  70 

As 

33 

74.96 

1 

75 

Se 

34 

79.2 

6 

80;  78;  76;  82;  77;  74 

Br 

35 

79.92 

2 

79;  81 

Kr 

36 

82.92 

6 

84;  86;  82;  83;  80;  78 

Kb 

37 

85.45 

2 

85;  87 

Sn 

50 

118.7 

7(8) 

120;  118;  116;  124 
119;  117;  122;  (121) 

I 

53 

126. 92 

1 

127 

Xe 

54 

130.2 

7(9) 

129;  132;  131;  134;  136; 
128;  130;  (126);  (124) 

Cb 

55 

132.  81 

1 

133 

Hg 

80 

200.6 

(6) 

(197-200>:  202;  204 

What  do  the  figures  in  the  last  two  columns 
of  the  foregoing  table  really  mean  ?  Do  they 
represent  isotopes  in  the  accepted  meaning  of 
the  term,  which  are  merely  separated  by  the 
bombardment?  Or  are  they  a  record  of  an 
elemental  disintegration?  These  alternative 
interpretations  are  both  tenable,  arid  each  one 
can  be  sustained  by  cogent  arguments.  The 
second  question  is  answered  by  Aston  in  the 
affirmative;  and  his  views  have  been  generally 
acepted  or  at  least  favored.  On  the  other 
hand,  the  isotopes  of  the  radio  active  series  are 
definitely  products  of  decomposition,  and  those 
of  the  mass  spectra  may  be  of  the  same  order. 

The  last  column  of  tlie  table  is  extremelv 
suggestive.  The  simplest  elements,  those  of 
low  atomic  weight,  show  little  or  no  isotopy. 
Twelve  of  them  are  simple  substances  and  may 
be  called  pure  or  normal  elements.  Nine  of 
them,  up  to  and  including  nickel,  are  doubled, 
and  two  are  represented  as  triplets.  With 
zinc  a  greater  degree  of  complexity  appears, 
which,  with  some  exceptions,  tends  to  increase 


as  the  atomic  weights  become  larger.  This 
increase,  however,  represents  only  a  distinct 
tendency,  not  a  definite  law.  How  far  th's 
rule  may  hold  remains  to  be  determined;  and 
it  is  extremely  desirable  that  the  mass  spectra 
of  the  elements  above  mercury  in  the  scale  of 
atomic  weights  should  be  examined — ^namely, 
those  of  thaUium,  lead,  bismuth,  thorium,  and 
uranium.  Such  an  examination  would  render 
a  direct  comparison  with  the  radioactive  series 
possible.  Would  the  mass  spectrum  of  lead, 
for  example,  show  the  same  isotopes  as  those 
which  have  been  revealed  by  radioactivity! 
That  of  uranium,  also,*  should  be  very  instruc- 
tive. The  most  complex  elements  are  the 
most  easily  decomposable  and  should  show 
the  greatest  number  and  variety  of  fractions. 

So  far  the  evidence  favors  the  hypothesis  of 
decomposition;  but  there  is  also  evidence  to 
support  the  isotopic  theory.  By  diffusion  or 
by  distillation  three  elements — ^namely,  chlo- 
rine, zinc,  and  mercury — ^have  been  separated 
into  fractions  that  differed  in  density  and  in 
atomic  weight.  Harkins  and  his  colleagues* 
by  fractional  diffusion  of  gaseous  hydrochloric 
acid,  have  partially  separated  it  into  two 
portions,  one  heavier  and  the  other  lighter 
than  the  ordinary  compound.  The  heavier 
portion  gave  an  atomic  weight  for  chlorine  of 
35.4918,  which  is  0.1  per  cent  higher  than  the 
accepted  value,  35.46.  The  latter  value  has 
been  determined  with  the  greatest  accuracy 
and  is  probably  correct  within  1  part  in  10,000. 
Results  similar  to  those  of  Harkins  and  Hayes, 
but  by  a  different  method,  have  been  obtained 
by  Bronsted  and  Hevesy,^*  who  separated 
hydrochloric  acid  into  two  fractions  corre- 
sponding to  a  difference  of  0.024  in  the  atomic 
weight  of  cldorine.  The  chlorine  atom,  then, 
seems  to  be  a  doublet;  but  the  remarkable 
uniformity  of  its  chemically  determined  atomic 
weight  is  difficult  to  explain.  A  mere  mixture 
of  two  isotopes  could  hardly  be  so  definite 
unless  all  the  compounds  of  chlorine  that  were 
used  in  the  determination  of  its  atomic  weight 
had  a  common  origin.  That  possibility  is  stUl 
under  investigation.  Is  the  chlorine  of  vol- 
canic emanations,  of  meteoric  iron,  of  oceanic 
salts,  and  of  igneous  rocks  always  the  same 
thing,  and  of  one  definite  atomic  weight? 

By  fractional  distillation  mercury  has  been 
separated  into  two  portions,  one  heavier  than 

^  Sea  especially  Harkios,  W.  P.,  and  Hayes,  A.,  Am.  Chem.  Soc.,. 
Jour.,  vol.  43,  p.  1403, 1921. 
*  Brdosted,  J.  N.,  and  Hefvesy,  G.,  Nature,  vol.  107,  p.  610,  1981. 


THE  EVOLUTION  AND  DISINTEGRATIOJf   OF   MATTER. 


85 


the  other,  .as  in  the  case  of  chlorine.  Harkins 
and  Madoraky**  evaporated  mercury  in  a 
vacuum  and  obtained  two  fractions  that  gave 
differences  from  the  laccepted  atomic  weight 
of  the  metal  of  +  0.052  and  -  0.044.  Bronstod 
and  Hevesy,*®  by  a  similar  process,  obtained 
results  of  the  same  order.  The  same  chemists, 
however,  in  a  later  investigation,^^  determined 
the-  density  of  ordinary  mercury  from  ten 
widely  separated  sources  and  found  differences 
of  only  2  to  6  units  in  10  millions.  Those 
differences  in  density  correspond  to  differences 
in  atomic  weight  of  0.0004  to  0.0012. 

By  very  thorough  determinations  of  atomic 
weight  Honigschmid  and  Birckenbach  *^  have 
completed  the  evidence  as  to  the  composite 
nature  of  mercury.  Bronsted  and  Hevesy 
supplied  them  with  samples  of  their  heavy 
and  light  fractions,  with  w^hich  the  determina- 
tions were  made — ^for  the  heavier  fraction, 
Hg  =  200.628  to  200.638;  for  the  lighter  frac- 
tion, Hg=  200.562  to  200.568.  These  differ- 
ences are  conclusive.  For  ordinary  mercury 
the  same  chemists,  aided  by  M.  Steinheil,** 
found  Hg  =  200.61,  the  accepted  value. 

Ordinary  or  normal  mercury,  if  we  may  call 
it  so,  is  therefore  uniform  in  character  far 
within  the  limits  of  experimental  uncertainty. 
The  sajne  is  true  of  lead,  as  we  have  already 
seen;  and  the  work  of  Baxter  and  his  colaborers 
have  shown  it  to  be  true  of  iron  and  nickel. 
The  atomic  weights  of  terrestrial  iron  and 
nickel  are  identical  with  those  of  the  two 
meteoritic  metals.  In  order  to  account  for 
this  uniformity  we  must  assume  in  each  case 
that  the  component  isotopes  must  always  have 
been  mixed  in  constant  and  definite  propor- 
tions. 

For  the  possible  complexity  of  zinc  there  is 
only  the  work  of  Egerton,^^  who  in  a  preluni- 
nary  note  reports  finding  small  differences 
in  the  density  of  th(»  metal  after  distillation 
in  a  high  vacuum.  Tvvo  fractions  gave  den- 
sities of  0.9971  and  1.00070,  when  that  of  the 
initial  substance  was  taken  as  unity.  ITiose 
results  are  regarded  as  promising. 

So  far  a  partial  separation  of  chlorine  and 
mercury  into  distinct  fractions  has  been  accom- 

"Harkizis,  W.  1),,  and  Matiorsky.  S.  L.,  Am.  Chem.  S(x'.  Jour.,  vol. 
45,  p.  591, 1922. 

«Brte8t«d,  J.  N.,  and  Hevesy,  G.,  Nature,  vol.  100,  ]>.  145,  1921. 

^ZeitacibT.  anorg.  nllgem.  Chemie,  vol.  124,  p.  22,  1922. 

« HOTieachinid,  O.,  and  Birckenbach, L.,  Deutsch.  chem.  Geseli. 
Ber.,  vol.  56,  p.  1219, 1923. 

«Idan,p.l212. 

«« Egerton,  A.  C.  Nature,  vol.  110,  p.  773, 1922. 


plished,  although  the  differences  between  the 
fractions  are  very  small.  A  complete  separa- 
tion is  yet  to  be  effected,  so  that  each  fraction 
can  be  weighed  and  examined  by  itself.  If 
the  mass  spectra  really  represent  isotopes 
there  should  be  twelve  possible  isotopes  of 
mercuric  chloride,  ranging  in  molecular  weight 
from  232  to  241,  a  difference  of  9  units  in  atomic 
mass.  The  fractional  crystallization  of  mer- 
curic chloride,  then,  or  else  precipitation  of 
the  mercury  either  by  electrolysis  or  with  some 
suitable  reagent,  might  yield  definite  results. 
Other  lines  of  attack  upon  the  problem  of 
separation  have  been  suggested,  and  they  are 
summarized  by  Aston  in  his  book.  Greater 
detail  is  not  needed  here. 

Evidence  of  an  entirely  different  character 
as  to  disintegration  of  elements  has  recently 
been  obtained  by  Rutherford.*'  His  proce- 
dure, briefly,  is  as  follows:  A  stream  of  power- 
ful alpha  rays,  emitted  from  a  very  thin  film 
of  radium  C,  is  passed  through  a  current  of 
hydrogen.  A  number  of  high-speed  hydrogen 
atoms  are  liberated,  which  strike  upon  a  screen 
of  zinc  sulphide  and  produce  scintillations  that 
can  be  observed  through  a  microscope  and 
counted.  Between  the  zinc  sulphide  and  the 
radioactive  source  thin  screens  of  mica  are 
inserted,  which  can  be  varied  in  thickness, 
so  as  to  measure  the  relative  penetrating  power 
of  the  alpha  particles  and  of  the  hydrogen 
atoms.  The  range  of  the  hydrogen  atoms  is 
much  greater  than  that  of  the  alpha  rays  and 
so  gives  a  datum  for  their  identification.  Their 
appearance,  as  found  by  the  scintillations  on 
the  zinc  sulphide,  identifies  them  as  hydrogen. 

Suppose,  now,  that  some  other  gas  replaces 
hydrogen.  With  nitrogen  the  same  long- 
range  particles  appear,  this  giving  evidence 
that  the  lighter  element  is  a  constituent  of 
the  nuclei  of  the  heavier  atoms  and  has  been 
separated  from  them.  With  oxygen  or  carbon 
dioxide  no  such  change  is  observed,  a  very 
significant  difference.  The  molecidar  Weights 
of  these  gases  are  whole  multiples  of  that  of 
helimn,  from  which  carbon  and  oxygen  are 
supposed  to  have  been  built  up. 

By  this  general  method,  with  modifications 
in  the  case  of  solid  substances,  Rutherford 
has  tested  all  the  elements  up  to  atomic  weight 
40,  with  the  exception  of  helium,  neon,  and 
argon.     Several  other  elements,  higher  in  the 


•  Rutherford,  Sir  Ernest,  Nature,  vol.  100,  pp.  684-586.  614-617,  1922. 
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AN  EARLY  EOCENE  FLORULE  FROM  CENTRAL  TEXAS. 


By  Edward  Wilber  Berry. 


In  1916  I  described  *  a  flonile  collected  by 
Alexander  Deudsen  and  L.  W.  Stephenson  at 
the  town  of  Earie,  in  Bexar  County,  Tex. 
This  florule  was  tentatively  considered  of  Mid- 
way age  by  these  geologists,  and  examination 
of  the  fossil  plants  tended  to  confirm  this  as- 
signment, particnlarly  because  of  their  lack  of 
harmony  with  the  extensive  Wilcox  flora  de- 
scribed in  the  volume  cited  above  and  because 
of  their  resemblance  to  the  described  floras 
from  the  Raton  and  Denver  formations  of 
Colorado  and  New  Mexico. 

Subsequently,  without  any  very  definite  evi- 
dence, the  rocks  in  the  area  aroimd  Earle  came 
to  be  r^arded  as  of  Wilcox  age  and  were  so 
mapped  by  Sellards.'  I  visited  the  locality  in 
1921  in  company  with  A.  C.  Trowbridge  and 
L.  W.  Stephenson  but  found  no  additional 
plant  species. 

Recently  I  received  from  O.  M.  Ball,  of  the 
Agricultural  and  Mechanical  College  of  Texas, 
a  small  collection  of  fossil  plants  obtained  near 
Sayersville,  which  is  about  8  miles  north  of 
Bastrop,  in  Bastrop  County.  This  collection 
was  found  to  represent  the  same  flora  as  that 
found  at  Earle  and  had  been  preserved  in  a 
lithologically  identical  sandstone.  This  local- 
ity is  about  100  miles  northeast  of  Earle  and  is 
in  about  the  same  relative  position  in  the  belt 
in  Bastrop  County  mapped  as  Wilcox  on  Deus- 
sen's  new  map  '  as  the  locality  at  Earle  in  the 
Wilcox  belt  in  Bexar  County  shown  on  the 
same  map. 

The  Bastrop  County  locality  is  along  the 
railroad  about  100  yards  north  of  the  station 
at  Sayersville.  The  sandstone  in  which  the 
fossil  leaves  were  found  is  overlain  by  about  10 
feet  of  reddish  clay  and  consists  of  mostly 

>  Benry>  E.  W.,Tlielower  EooeneflorasofsoatheastemNortli  America: 
U.  8.  Oeol.  Survey  Prof.  Paper  91,  pp.  8-20, 1916. 

*  SeDaids,  E.  H.,  The  geology  and  mineral  resources  of  Bexar  County: 
Tern  UniT.  BuU.  1932, 1920. 

*  DeuflBen,  Alexander,  Geology  of  the  Coastal  Plain  of  Texas  west  of 
Braios  River:  U.  S.  Geol.  Survey  Prof.  Paper  126,  pL  8  (in  press). 
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coarse,  weU-rounded  grains  in  a  highly  calcare- 
ous cement.  It  is  very  similar  in  appearance  to 
the  concretionary  masses  often  found  in  the  Mid- 
way of  Texas  and  is  exactly  like  that  containing 
the  leaves  at  Earle,  in  Bexar  County. 

The  florule  from  Earle  contains  the  following 
species: 

Pourouma  texana  Berry. 

Ficus  denveriana  Cockerell. 

Ficus  OGcidentalis  (Lesquereux)  Lesquereux. 

Ficus  sp. 

Platanus  aceroides  latifolia  Knowlton. 

Cinnamomum  affine  Lesquereux. 

Laurus  wardiana  Knowlton. 

Asimina  eocenica  Lesquereux. 

Dolichites  deusseni  Berry. 

Terminalia  hilgardiana  (Lesquereux)  Berry. 

Of  these  10  species  but  3 — Ficus  denverianay 
Ficus  sp.,  and  Terminalia  hilgardiana — ^had 
been  recorded  from  the  very  extensive  Wilcox 
flora,  and  in  part  because  of  this  fact,  coupled 
with  the  total  absence  of  the  genera  Pourouma, 
Platanus  y  and  Dolichites  in  the  Wilcox,  I  was 
led  to  consider  the  Earle  outcrop  more  probably 
Midway  than  Wilcox. 

The  recent  collection  from  Bastrop  County 
contains  the  following  species : 

Pourouma  texana  Berry. 

Laurus  wardiana  Knowlton. 

Asimina  eocenica  Lesquereux. 

Terminalia  hilgardiana  (Lesquereux)  Berry. 

Asplenium  primero  Knowlton. 

Viburnum  sp. 

Mespilodaphne  precoushatta  Berry,  n.  sp. 

Rhamnites  marginatus  apiculatus? 

Ficus  post-trinervis  Knowlton. 

Rhamnus  sp. 

Terminalia  lesleyana  (Lesquereux)  Berry. 

Sapindus?  sp. 

Four  of  these  species — Pourouma,  texana, 
Laurus  wardiana,  Asimina  eocenica,  and  Termi- 
nalia hilgardiana — are  conmion  to  the  two 
localities  and  are  the  most  abundant  forms  at 
both.  The  combined  list  from  these  two 
localities  amounts  to  18  species,  of  which  four 
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are  doubtfully  determined  because  of  their 
fragmentary  nature  or  lack  of  specific  char- 
acter due  to  the  coarseness  of  the  matrix. 

The  aspect  of  this  assemblage  as  a  whole  is 
in  rather  marked  contrast  to  that  of  the  known 
Wilcox  flora,  which  consists,  according  to  the 
latest  revision,*  of  353  species  and  constitutes 
as  complete  and  representative  a  flora  as  has 
been  found  at  any  geologic  horizon.  Of  this 
large  number  of  plants  in  the  Wilcox  only  six, 
and  one  of  these  doubtfully,  have  been  recog- 
nized at  Earle  or  Sayersville,  and  this  is  exactly 
one-third  of  the  forms  represented  at  the  two 
localities.  Twelve  species,  or  two-thirds  of  the 
whole,  are  different  from  anything  known  in 
the  large  Wilcox  flora.  Three  of  these  are 
peculiar  to  the  two  localities  in  Bexar  and  Bas- 
trop counties;  nine  have  been  found  elsewhere. 
Of  these  nine  species,  one  occurs  in  the  Denver, 
Fort  Union,  and  Hanna  formations  and  doubt- 
fully in  the  Mesaverde  formation;  six  occur  in 
the  Raton  formation;  three  occur  in  the  true 
Laramie,  and  one  of  these  is  doubtf uUy  recorded 
from  the  Dawson  arkose.  Of  the  forms  com- 
mon to  the  known  Wilcox,  three  are  certainly 
and  one  additional  is  doubtfully  recorded  from 
the  Laramie,  and  one  of  these  is  foimd  in  the 
Lance. 

The  Wilcox  flora  falls  naturally  into  lower, 
ntiiddle,  and  upper  assemblages,  and  these 
have  demonstrated  that  the  Wilcox  sedimen- 
tation was  transgressive  both  northward  up 
the  Mississippi  embayment  and  westward  west 
of  Mississippi  River.  No  lower  Wilcox  plants 
have  been  recognized  at  any  outcrops  west  of 
the  Mississippi  unless  the  plants  from  Earle 
and  Sayersville  are  lower  Wilcox. 

Of  the  six  Wilcox  plants  found  at  Earle  and 
Sayersville  one,  Fwiis  d^nverianaj  is  known 
only  from  the  upper  Wilcox,  but  as  this  species 
is  conmioner  in  and  characteristic  of  the  Den- 
ver and  Raton  formations  of  the  West,  which 
I  regard  as  older  than  the  Wilcox,  it  can  not  be 
considered  as  indicative  of  age  within  the 
Wilcox.  Another,  Ficus  sp.,  is  found  in  the 
middle  Wilcox.  The  other  four — Fwils  occi- 
detUaliSf  Rhamnus  marfjinatus  apiculattLSy  Ter- 
mincdia  hilgardiana^  and  Terminalia  lesleyarui — 
range  fn>m  the  bottom  to  the  top  of  the  Wilcox, 
and  the  occurrence  of  all  of  these,  except  the 

*  Hmny,  K.  W.,  Addltlofii  to  the  flora  of  the  Wilcox  group:  U.  8.  Geol. 


Ehamnu8  in  the  Raton  formation  of  Colorado 
and  New  Mexico,  which  is  probably  older  than 
the  Wilcox,  stamps  these  forms  as  abundant, 
long  ranging,  and  without  precise  stratigraphic 
significance. 

The  Wilcox  group  in  Alabama,  where  it  con- 
tains marine  faunas,  is  divided  into  four  forma- 
tions— from  oldest  to  youngest  the  Nanafalia, 
Tuscahoma,  Bashi,  and  Hatchetigbee.  To  the 
northwest,  in  Mississippi,  where  the  sediments 
pass  into  those  representing  Eocene  barrier 
beaches  and  lagoonal  and  estuarine  clays, 
marine  fossils  are  .almost  entirely  absent,  and 
the  Wilcox  group  is  divijded,  in  ascending 
order,  into  the  Ackerman,  Holly  Springs,  and 
Grenada  formations,  each  characterized  by 
distinctive  floral  assemblages.  In  Tennessee 
the  Wilcox  deposits  have  not,, jet  be^  differ- 
entiated into  formations  and  are  included  in 
the  Lagrange  formation,  although  the  floras  of 
the  Holly  Springs  and  Grenada  formations  of 
Mississippi  are  represented  in  Tennessee. 

There  is  some  faunal  as  well  as  other  evi- 
dence for  correlating  the  Grenada  formation 
of  Mississippi  with  the  Hachetigbee  formation  of 
Alabama.  The  Holly  Springs  sand  of  Mississippi 
is  thought  to  represent  the  Bashi  formation  of 
Alabama,  with  its  faunal  and  other  evidence  of 
the  shoaling  of  the  water;  and  the  Ackerman 
formation  of  Mississippi  is  thought  to  represent 
the  Tuscahoma  formation  of  Alabama  and 
also  more  or  less  of  the  upper  part  of  the  Nana- 
faUa  formation.  The  relations  sketched  above 
are  shown  graphically  in  a  paper  published  in 
1915,^  and  subsequent  studies  have  fully 
confirmed  the  conclusions  expressed  in  that 
paper. 

Throughout  the  rest  of  the  area  occupied  by 
the  WUcox  to  the  west  and  southwest  as  far  as 
the  Mexican  border  it  has  not  yet  been  found 
feasible  to  subdivide  the  deposits  except  in  a 
small  area  in  southwestern  Texas,  where 
Trowbridge®  has  recently  proposed  dividing 
them,  in  ascending  order,  into  the  Indio,  Car- 
rizo,  and  Bigford  formations.  The  oldest  of 
these,  the  Indio,  contains  oyster  beds  and 
marine  Foraminifera,  as  well  as  lignite  and 
poorly  preserved  plants.    The  plants,  of  which 


^■Ill  ^1 


»  Berry,  E.  W.,  Erosioa  Intervals  in  the  Bteene  of  the  MlwiMiiiti 
embayment:  tJ.  S.  Oeol.  Survey  Prof.  Paper  W,  llg.  71,  U1&.' 

•  Trowbridge,  A.  C,  A  geologic  reoonnaiManoe  in  the  Oulf 
Plain  of  Texas  near  the  Rio  Grande:  U:  S.  Oeot  Surrey  PraC  \ 
pp.  86-117, 1W2. 
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a  considerable  number  have  been  satisfac- 
torily identified,  are  distinctly  younger  than 
the  known  lower  Wilcox  floras  found  in  the 
eastern  part  of  the  Mississippi  embayment— 
that  is,  in  the  Ackerman  formation  of  the 
eastern  Gulf  area.  These  Indio  plants  could 
be  considered  as  representing  either  the  Holly 
Springs  or  the  Grenada  epoch  of  the  Mississippi 
succession.  The  Indio  formation  is  overlain  in 
southwestern  Texas  by  the  transgressive  Car- 
rizo  sandstone,  which  as  traced  toward  the  Rio 
Grande  merges  into  the  lithologicaDy  dis- 
similar Bigford  formation.  Both  the  Carrizo 
and  the  Bigford  formations  have  furnished  a 
considerable  flora,  which  is  of  sufficient  variety 
and  precision  to  prove  that  they  are  of  upper 
Wilcox  age  and  is  in  striking  contrast  to  the 
flora  f oimd  near  the  base  of  the  Mount  Selman, 
the  lowest  formation  of  the  overlying  Claiborne 
group,  in  the  same  area. 

As  the  foregoing  brief  sketch  makes  clear, 
nothing  has  thus  far  been  discovered  corres- 
ponding to  the  conditions  found  in  Bexar  and 
Bastrop  counties,  and  there  is  no  known  paleo- 
botanic  evidence  of  the  presence  of  lower 
Wilcox  sediments  in  the  Coastal  Plain  of  Texas, 
or,  in  fact,  anywhere  west  of  Mississippi  River. 

The  distribution  of  the  plants  that  form  the 
basis  of  the  present  contribution  is  shown  in 
the  accompanying  table,  from  which  it  will  be 
seen  that  several  of  these  plants,  in  their  dis- 
tribution in  other  regions,  are  strongly  sugges- 
tive of  a  greater  age  than  the  Wilcox.  There 
are  two  alternative  conclusions — either  that 
this  flora  indicates  a  Midway  age,  or  that  it 
represents  an  early  Wilcox  flora  that  was  more 
ancient  than  the  flora  of  the  Ackerman  forma- 
tion of  the  eastern  Gulf  area,  which,  as  pre- 
viously stated,  represents  the  upper  Nanafaha 
and  all  of  the  Tuscahoma  of  the  Alabama 
section.  Perhaps  a  third  possibility  might  be 
added,  namely,  that  it  may  lepresent  a  flora 
that  lived  in  central  Texas  during  the  time 
which  theie  is  reason  to  think  intervened 
between  the  deposition  of  the  known  Midway 
and  that  of  the  known  Wilcox  in  the  region  to 
the  east  of  central  Texas. 

I  know  of  no  method  by  wliich  this  question 
can  be  conclusively  settled  at  the  present 
time,  as  the  Midway  has  never  furnished  satis- 


factorily determinable  plant  fossils.  In  1910 
I  collected  three  species  of  dicotyledojQous 
leaves  from  the  Porters  Creek  Midway  near 
Middleton,  Tenn.,  and  one  of  these  appears  to 
represent  the  Vermejo  species  Ficus  led 
Knowlton.^  In  1921  Bruce  Wade  collected 
five  species  of  plants  near  the  base  of  the 
Porters  Creek  clay  in  Carroll  County,  Tenn. 
None  of  these  are  sufficiently  well  preserved 
to  be  satisfactorily  determined,  although  one 
represents  a  fern,  probably  referable  to  the 
genus  DryopteriSy  and  another  suggests  Aaimina 
eocenica,  which  is  one  of  the  common  forms  at 
Earle  and  Sayersville,  Tex.  My  own  prefer- 
ence, which  I  can  not  say  amounts  to  a  con- 
viction, would  be  to  regard  the  flora  imder 
discussion  as  of  Midway  age.  If  it  is  really 
early  Wilcox,  as  the  geolc^ists  who  have 
studied  the  areal  relations  of  the  Midway  and 
Wilcox  in  Texas  are  inclined  to  consider  it,  it 
is  of  sufficient  importance  to  merit  the  present 
discussion. 

I  have  reproduced  in  Figure  8  a  sketch  map 
published  originally  in  1915,"  showing  the  areal 
distribution  of  the  lower,  middle,  and  upper 
Wilcox  floras.  No  exceptions  to  this  interpre- 
tation have  been  discovered  during  the  last  10 
years  unless  the  florules  found  at  Earle  and 
Sayersville  form  such  an  exception,  and  the 
abundant  evidence  of  the  transgressive  char- 
acter of  the  middle  and  upper  Wilcox  in  Texas 
is  one  of  the  strongest  reasons  for  considering 
these  florules  to  be  of  Midway  age. 

If  the  Earle  and  Sayersville  florules  represent 
early  Wilcox  time,  and  I  am  frank  to  admit 
that  they  may,  they  indicate  the  probability 
that  there  may  be  other  and  similar  areas  in 
the  western  Gulf  region  that  were  not  com- 
pletely transgressed  by  the  later  Wilcox,  whidi 
is  the  only  part  of  the  Wilcox  that  has  foeeii 
paleobotanically  recognized  in  that  whole 
region. 

Such  of  the  forms  found  at  Sayersville  as 
warrant  the  space  are  discussed  in  the  following 
pages.  The  subjoined  table  presents  the 
known   distribution   of    the  species  found   at 

Earle  and  Sayersville.  •      . 

.1  ^ 

T  Knowlton,  F.  H.,  Fossil  floras  of  the  Vermbjo  and  Batou  formatioos 
of  Colorado  and  New  Mexico:  U.  S.  Oeol.  Survey  Prof.  Paper  101,  p.  IM, 
pi.  39,  figs.  \A\\  pi.  40,  figs.  1,  2,  1918. 

»  U.  S.  (ieol.  Survey  Prof.  Paper  95,  fig.  29, 1915. 


8H0BTBE  CONTRIBUTIONS  TO  GENERAL  GEOLOQT,  l«23-lfl84. 


p  showing  «cb1  ralntlms  of  t 

tnsi  cdUoctcd:  I 

S,  BnUvar  Cmk,  Bardyi  Uill,  and  otbtr  loca 


19,  C«Umn>  Craefc,  Tex. 


I  Distribution  of  tha  Oistribi 

Holly  Sprinn  or  middle  or  u 

I  ftora  Wilcox  flora 

le  WHcoi  floras.    A-A',  Kudmom  eitait  of  Uw  WUcoz  t 
Qrauda,  Uiu.;  2,  SomcrviUe,  Tcon.:  i,  neu  TnDtdo,  Tcon.i  4,  ' 
ItiM  oa  Crovleys  Ride«,  Ark.:  t,  Baitoa  sud  Malvftn,  Ark.;  7,sBvnsl  lonlitici  it  w 
Uansflpld  and  N'sbortai,  Ls.;  10,  Sabine  Rlrcr;  11,  Old  Pot  Culdo  t«iMlliic,  Tm.; 


ZHtfritufMin  o}  fioruUa  found  at  EarU  and  Sayenville,  Tex. 


I    i 


AN  EARLY  EOCENE  FLORUIjE  FROM  CENTRAL  TEXAS. 


91 


Aspleniiim?  primero  Knowlton. 

Plate  XXllI,  Figure  1. 

Aspleniumf  primero   Knowlton,   U.   S.    Geol.   Survey 
Prof.  Paper  101,  p.  285,  pi.  44,  fig.  4,  1917. 

This  species  was  based  on  the  single  speci- 
men figured  by  Knowlton,  which  came  from 
the  Raton  formation  at  Primero,  Colo.  It  is 
•described  as  follows  by  Knowlton: 

Frond  broadly  lanceolate  in  general  outline,  twice 
pinnatifid;  pinnae  alternate,  approximate,  the  lower 
ones  lanceolate,  the  middle  and  upper  ones  linear,  all 
Recurrent  on  the  rachis;  lower  pinnae  deeply  cut  into 
numerous  acute  teeth,  these  becoming  less  and  less 
marked  until  in  the  upper  part  they  are  merely  slight 
indentations  or  at  the  extreme  tip  are  wholly  absent; 
nervation  relatively  simple,  consisting  of  a  strong  mid- 
rib or  secondary  rachis  in  the  pinnae,  from  which  arise 
4Wcondary  branches  passing  to  the  tips  of  the  segments 
or  teeth,  each  of  these  again  with  from  two  to  four  pairs 
of  simple  branches. 

A  single  specimen  from  Sayersville  appears 
to  represent  a  portion  of  the  distal  part  of  a 
pinna  of  this  species.  The  venation  is  ob- 
:scure,  but  the  size  and  disposition  of  the 
pinnules  and  their  characteristically  toothed 
margins  render  the  identification  satisfactory. 
There  are  eight  species  of  ferns  recorded  from 
the  Wilcox,  two  of  which  have  been  referred 
to  the  genus  Asplenium,  but  both  of  these  are 
^uite  unlike  Aspleniumf  primero. 

Mespttodaphne  precooshatta  Berry,  n.  sp. 

Plate  XXIII,  Figure  2. 

Leaves  of  medium  size,  relatively  broad,  oval 
in  general  outline,  widest  medianly,  and  taper- 
ing about  equally  to  the  apex  and  base.  Apex 
cuneate.  Base  acute.  Margins  entire,  rather 
regularly  and  evenly  rounded.  Texture  cori- 
i2^ous.  Length  about  9.25  centimeters,  maxi- 
mum width  about  4.1  centimeters.  Petiole 
long  and  stout,  about  2  centimeters  in  length. 
Midrib  stout,  prominent.  Secondaries  medi- 
umly  stout  and  prominent,  eight  or  nine  some- 
what irregularly  spaced  pairs;  closely  spaced 
and  opposite  in  the  base,  less  closely  spaced  and 
subparallel  to  about  the  middle,  above  which 
they  are  about  twice  as  far  apart;  they  diverge 
from  the  midrib  at  angles  of  more  than  45°  and 
are  camptodrome  in  the  marginal  region.  Oc- 
<casionally  a  subsecondary  runs  midway  be- 
tween and  subparallel  to  the  adjacent  seconda- 
ries in  the  apical  part  of  the  leaf,  where  the 
true  secondaries  are  more  widely  spaced,  and 


one  basal  secondary  shows  abnormal  branching. 
An  apparently  characteristic  feature  of  this 
species  is  the  crowding  of  the  lower  secondaries 
in  the  basal  part  of  the  leaf.  The  tertiaries  are 
thin,  transverse,  and  either  percurrent  or 
anastomosing. 

This  well-marked  species  appears  to  have 
been  the  immediate  precursor  of  the  rather 
abundant  late  middle  and  upper  Wilcox 
species  MespUodaphne  coushaita  Berry.*  It 
differs  from  that  species  in  its  larger  size, 
slightly  more  coriaceous  texture,  relatively 
shorter  petiole,  more  nimierous  secondaries, 
less  frequently  anastomosing  tertiaries,  and 
basal  crowding  of  the  secondaries.  It  is  con- 
fined to  the  locality  at  Sayersville,  in  Bastrop 
County. 

Terminalia  lesleyana  (Lesqnereiix;  Berry. 

Plate  XXIII,  Figure  3. 

Magnolia    lesleyana    Lesquereux,    Am.    Philos.    Soc. 

Trans.,  vol.  13,  p.  421,  pi.  21,  figs.  1,  2,  1869; 

Tertiary  flora,  p.  248,  pi.  44,  figs.  1-3,  1878. 
Knowlton,  U.  S.  Geol.  Survey  Prof.  Paper  101, 

p.  313,  pi.  82,  figs.  1-2,  1918. 
Terminalia  lesleyana  Berry,  U.  S.  Qeol.  Survey  Prof. 

Paper  91,  p.  323,  pi.  89,  fig.  4,  1916. 

The  type  horizon  for  this  specie^  was  the 
lower  Wilcox  or  Ackerman  formation  in 
Mississippi,  but  it  has  since  been  found  to 
range  into  the  middle  and  upper  Wilcox  and 
was  a  fairly  common  coastal  tree  along  the 
shores  of  the  Wilcox  Mississippi  embayment. 
It  has  also  been  recorded  from  the  Raton 
formation  of  Colorado  and  New  Mexico  by 
both  Lesquereux  and  Knowlton.  I  r^ard  the 
Raton  formation  as  older  than  the  Wilcox,  and 
it  is  therefore  not  surprising  that  this  species 
should  turn  up  in  the  present  association  in  an 
area  nearer  the  western  occurrences  than  it 
has  been  hitherto  found. 

As  Knowlton  accepts  Lesquereux^s  reference 
of  this  species  to  the  genus  Mdgnolia  a  few 
comments  may  not  be  out  of  place.  Hilgard 
submitted  his  early  collections  from  Mississippi, 
from  what  has  since  been  named  the  Ackerman 
formation,  to  Lesquereux,  who  identified  the 
present  species  as  a  Terminalia,  and  it  was  so 
listed  in  Hilgard^s  report.  "^      When  the  similar 

"  Berry,  E.  W.,  The  lower  Ecxrene  floras  of  southeastern  North  America: 
U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  307,  pi.  80,  fig.  6;  pL  87,  flg.  3, 
1916. 

10  UilKard,  E.  W.,  Report  on  the  geology  and  agriculture  of  the  State 
of  Mississippi,  p.  113, 1880. 
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leaves  that  have  since  been  considered  to  repre- 
sent this  species  wore  collected  in  the  Fishers 
Peak  region  of  New  Mexico  from  what  has 
since  been  named  the  Raton  formation, 
Lesquereux  considered  them  identical  with  the 
European  fossil  species  Terminalia  radobojensv^ 
Heer.  Subsequently  Lesquereux  transferred  i 
them  to  the  genus  Magnolia,  comparing  them  \ 
with  the  existing  species  ifarpiolia  tripetala.  \ 
When  I  was  preparing  the  report  on  the  Wilcox 
flora  I  compared  these  fossil  leaves  with  those 
of  the  existing  species  of  both  Magnolia  and 
Terminalia  and  reached  the  conclusion  that  in 
every  essential  respect  they  differed  from  the 
former  and  resembled  the  latter.  I  therefore 
transferred  them  back  to  Terminalia  thus 
tonflrming  Lesquereux's  original  determina- 
tion. I  also  reached  the  conclusion  that  a 
considerable  number  of  fossil  species  which 
masquerade  in  the  literature  of  paleobotany  as 
Magnolia  probably  do  not  represent  that  genus. 
Terminalia  hsleyana  is  not,  in  my  judgment, 
particularly  like  Magnolia  tripetala  in  any 
features.  4^though  smaller,  it  is  stouter, 
coarser,  and  smoother,  with  a  different  shape 
and  different  base  from  any  of  the  true  Magno- 


lias. The  niidrib  is  very  stout,  as  are  also  the 
fewer  secondaries — in  fact,  the  venation  is  not 
that  of  the  genus  Ma^gnolia.  On  the  other 
hand,  in  all  the  features  that  are  available  for 
comparison  it  resembles  the  leaves  of  several 
recent  American  species  of  Terminaliay  as  well 
as  certain  European  Tertiary  species  that  have 
boon  roforrod  to  that  genus.  Moreover,  Ameri- 
can Tertiary  floras  of  warmer  climatic  aspects 
contain  several  other  species  of  Terminalia,  in 
more  than  one  locality  represented  by  fruits 
that  supplement  and  corroborate  the  identifica- 
tions of  the  leaves. 

Terminalia,  represented  by  one  species 
founded  on  fruits  and  two  founded  on  leaves, 
is  conmion  in  the  Wilcox  of  the  Mississippi 
embayment,  and  it  is  also  represented  in  that 
region  throughout  the  middle  (Claiborne)  and 
upper  (Jackson)  Eocene. 

Terminalia  leniUyana  occurs  at  the  Sayers- 
ville  locality,  in  Bastrop  Coimty,  but  the  asso- 
ciated Terminalia  hilgardiava  is  present  at 
both  Sayersville  and  Earle,  and  both  species 
are  found  throughout  the  lower,  middle,  and 
upper  Wilcox  of  the  eastern  Gulf  region. 
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RELATIONS  OF  THE  WASATCH  AND  GREEN  RIVER  FORiMATIONS  IN 
NORTHWESTERN  COLORADO  AND  SOUTHERN  WYOMING,  WITH  NOTES 
ON  OIL  SHALE  IN  THE  GREEN  RIVER  FORMATION. 


By  J.  D    Sears  and  W.  H.  Bradley. 


JNTRODUCTION. 
PUBPOSE  AND  SCOPE  OF  THE  REPORT. 

Since  the  early  geologic  explorations  of 
Powell,  King,  and  Hayden  the  Eocene  deposits 
of  the  Rocky  Mountain  and  Plateau  provinces 
have  been  the  object  of  much  attention  by 
stratigraphers.  More  widespread  mterest  in 
these  deposits  has  been  stimulated  by  the  dis- 
covery of  vast  quantities  of  oil  shale  in  the 
Green  River  formation  of  Wyoming,  Colorado, 
and  Utah. 

The  writers  have  had  an  opportunity  to 
see  the  depositional  edge  of  the  Eocene  forma- 
tions on  the  northeast  flank  of  the  Uinta 
Mountains  and  to  study  the  significance  of 
their  character  along  this  margin  as  compared 
with  their  character  farther  out  in  the  basin. 
The  purpose  of  this  report  is  to  describe  the 
lithology,  areal  distribution,  and  interfingering 
of  the  Wasatch  and  Green  River  formations  in 
northwestern  Colorado  and  southern  Wyoming 
and  to  draw  conclusions  as  to  their  source  of 
material,  mode  of  origin,  time  relations,  and 
proper  nomenclature.  The  method  and  place 
of  deposition  are  of  special  importance  in 
considering  the  Green  River  formation,  as  they 
largely  determine  the  relative  richness  of  the 
oil  shale  found  in  that  formation. 

EARLIER  INVESTIGATIONS. 

The  area  discussed  in  this  paper  is  part  of  the 
region  explored  half  a  century  ago  by  Hayden/ 
Powell,^    Hague    and    Emmons,^    and    King.^ 

»  nayden,  F.  V.,  U.  S.  Gcol.  Survey  Terr.  Third  Ann.  Rept.,  18()9. 

'  Powell,  J.  W.,  Report  on  the  geology  of  the  cjvstern  portion  of  the 
Uinta  Mountains,  U,  S.  Gcol.  and  Oeog.  Survey  Terr.,  2d  div.,  1870. 

'Hague,  Arnold,  and  Eraraons,  S.  F.,  U.  S.  Oeol.  Expl.  40th  Par 
Rept.,  vol.  2,  1877. 

*  King,  Clarence,  idem,  vol.  1, 1878. 


Ilayden  named  the  Green  River  and  Wasatch 
formations,  and  the  latter  name  thus  has 
priority  over  the  ''Vermilion  Creek  series"  of 
Bang  and  the  ''Bitter  Creek  group''  of  Powell. 
In  1907  the  western  part  of  the  Little  Snake 
River  coal  field  was  examined  by  Ball.*  In 
1907  and  1908  Schultz  «  mapped  m  detail  the 
coal-bearing  formations  of  the  Rock  Springs 
uplift.  As  a  result  of  this  work  and  of  later 
reconnaissance  to  the  south  and  east,  he  pre- 
pared a  map  ^  covering  most  of  the  area 
described  in  this  paper. 


FIELD  WORE. 

In  1921  and  1922  a  large  part  of  Moffat 
County,  Colo.,  and  a  few  townsliips  in  southern 
Sweetwater  County,  Wyo.,  were  examined  by 
parties  in  charge  of  the  senior  writer.  He  was 
assisted  in  1921  by  K.  K.  Landes,  in  1922  by 
James  Gilluly,  and  in  both  seasons  by  the  junior 
\\Titer.  Mapping  was  done  largely  by  means  of 
plane  tables  and  telescopic  alidades,  on  a 
system  of  triangulation  extended  westward  and 
northwestward  from  the  Craig  quadrangle, 
Colorado.  Isolated  structural  and  areal  fea- 
tures were  mapped  by  means  of  stadia  or  pace 
traverses  according  to  the  degree  of  refinement 
desired.  Tlie  mapping  was  tied  to  section 
corners  at  numerous  points. 

The  geologic  map  (PI.  XXIV)  accompanying 
this  report  is  compiled  from  tlie  work  of  Ball, 

'  Hall,  M.  W.,  The  western  i>art  of  the  Little  Snake  River  coal  field 
Wyo.:  U.  S.  Geol.  Survey  Bull.  311,  pp.  243-255,  1909. 

*  Schultz,  A.  R.,  The  northern  part  of  the  Rock  Springs  coal  field, 
Sweetwater  County,  Wyo.:  U.  S.  Geol.  Survey  Bull.  341,  pp.  256-282, 
V.fOd;  The  southern  part  of  the  Rock  Springs  coal  field,  Sweetwater 
County,  \Vyo.:  V.  S.  (leol.  Survey  Bull.  381,  pp.  214-281,  1910. 

7  Schultz,  A.  R.,  Oil  po.ssibiUtics  in  and  around  Baxter  Basin,  in  the 
Rork  Springs  uplift,  Sweetwater  County,  Wyo.:  U.  S.  Geol.  Survey 
Bull.  702,  pi.  1,  1920. 
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Schultz,  (ind  Sears.     The  location  of  tlip  area  is 
show-n  in  Fi{i;ure  9. 

ACENOWIEDGHENTS. 

The  wTiters  gratefiiily  ncknowipdgc  tlu' 
cordial  assistance  and  hospitality  given  l)y  the 
local  ranchers,  especially  Messrs.  Sparks. 
Crozier,  and  Grounds. 

TOPOGRAPHY. 

In  the  southwestern  part  of  the  area  mapped 
Cold  Spring  Mountain  and  other  ridges  on  tlie 
north  flank  of  the  Uinta  Mountains  rise  to  an 
altitude  of  about  8,500  feet  above  sea  level. 
To  the  north,  northeast,  and  east  is  the  Green 
River  Basin,  separated  by  the  Kock  Springs 
uplift  into  the  Bridger  Basin  on  the  west  and 
the  Washakie  and  Sand  Wash  basins  on  the 
east.     Although  the  Green  River  Basin  is  of  less 


altitude  than  the  Uinta  Mountains  it  contains 
here  and  there  high  chffs  and  isolated  peaks; 
the  highest  point  is  Diamond  Peak,  9,925 
feet  above  sea  level. 

The  major  stream  of  the  area  mapped  is 
Green  River,  which  (lows  southward  along  ils 
western  margin,  (ireen  Kiver,  with  its  main 
tributaries,  Bitter  and  Vermilion  creeks,  drains 
tho  Rock  Springs  uplift  and  a  large  part  of  the 
Washakie  Basin.  Across  the  soulheast  corner 
of  tho  area  runs  Little  Snake  River,  which, 
with  its  tributaries,  Sand  and  Powder  washes. 
drains  the  Sand  Wash  Basin  and  ])art  of  the 
Washakie  Basin. 


STRATIGRAPHY. 

WASATCH  POEMATIOH. 

The  Wasatch  deposits  were  named  by  Hay- 
den  *  because  of  their  excellent  exposures  on 
the  eastern  slopes  of  the  Wasatch  Mountains. 
Their  lithologic  character  in  that  re^on  is  illus- 
trated l)y  his  brief  description  of  their  ap- 
(>earance  in  Echo  and  Weber  canyODs,  Utah, 
where  the  formation  consists  of  1,500  to  2,000 
feet  of  conglomerate.  In  a  later  report  Hay- 
den  '  described  this  section  more  fully,  noting 
the  lai^e  size  and  well-rounded  shape  of  the 
boulders  and  the  predominant  red  color  of  the 
sandstones  that  make  up  the  lower  500  to  800 
feet  of  the  formation,  lie  noted  also  the  rapid 
latornl  changes  near  the  base  from  fine  sand  to 
coarse  conglomerate. 

It  is  perhaps  unfortunate  that  the  name  was 
taken  from  the  Wasatch  Mountains,  where 
the  formation  has  a  lithologic  character  very 
different  from  that  shown  in  most  other  areas. 
Ilaydcn  '"  described  the  Wasatch  at  Carter 
Station,  Wyo.,  as  consisting  of  pink,  red,  and 
purple  indurated  sandy  clays,  alternating  witi 
gray  and  reddish  sandstones ;  this  description  b 
more  applicable  to  the  formation  throughout 
most  of  its  area  of  distribution.  Haydea 
believed  that  the  beds  were  deposited  in  large 
fresh-water  lakes. 

Within  the  area  mapped  by  the  writers  in 
1921-22  the  Wasat«h  consists  chiefly  of  varie- 
gated clay  shale  and  irregiJar,  crudely  bed- 
ded sandstone.  The  predominant  colors  of 
the  clay  shale  arc  red  and  gray,  commonly 
banded  with  yellow,  lavender,  pink, brown,  pale 
green,  drab,  and  other  shades.  Most  of  the 
sandstone  is  gray,  buff,  or  dark  brown;  a  few 
beds  are  wliite,  pink,  or  red.  The  materials  of 
the  sandy  beds  range  in  size  from  very  fine 
grains  to  coarse  grit.s,  and  locally  the  sandstone 
grades  into  conglomeriite  carrying  boulders  as 
much  as  0  feet  in  diameter. 

In  the  Vermilion  Creek  basin  the  middle 
part  iif  the  Wasatch  contains  a  few  beds  of 
coal,  fissile  carbonaceous  shale,  shell  marl, 
and  many  more  beds  of  sandstone  than  else- 
whore  in  the  field. 

In  general  the  Wasatch  formation  weathers 
into  typical  badlands  that  support  little  or  no 
vegetation.     Topography  of  tms  kind  is  varied 

'ilajrtpn,  F.  V.,  V.  S.  Oeol,  un<l  Orog.  Snirey  T«T.  Third  Am. 
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by  low  escarpments  and  benches  where  the 
sandstone  is  comparatively  resistant. 

GREEN  RIVER  FORMATION. 

Remarkable  exposures  along  Green  River 
led  Hayden  "  to  apph'  tlie  name  of  that  stream 
to  the  series  of  shale  and  sandstone  overlying 
his  Wasatch  '^ group."  The  type  locality  of 
the  formation  is  at  the  towTi  of  Green  River, 
Wyo.,  where,  according  to  Winchester,*^  an 
incomplete  section  has  a  thickness  of  755  feet. 
Other  sections  near  by,*^  in  Tps.  17  and  19  N., 
R.  106  W.,  show  a  thickness  of  approximately 
1,350  feet.  In  all  these  sections  a  coarse, 
massive  brown  sandstone,  125  to  245  feet 
thick  (the  ''Tower  sandstone"  of  Powell),  is 
included  in  the  top  of  the  formation.  The 
remainder  of  the  formation  at  the  type  locality 
consists  almost  entirely  of  finely  laminated 
shale,  some  of  which  is  rich  oil  shale.  A  few 
beds  of  thin  platy  sandstone  and  sandy  shale 
occur  at  wide  intervals  in  these  sections.  A 
very  striking  feature  of  the  Green  River  in 
this  part  of  the  field  is  its  bluish-white  color  on 
weathered  surfaces. 

Farther  southeast,  in  the  outcrops  sur- 
rounding the  Washakie  and  Sand  Wash  basins, 
the  formation  shows  a  somewhat  different 
lithology.  The  ''Tower  sandstone'*  of  Powell 
was  not  recognized  by  the  writers  in  the  southern 
part  of  this  area,  but  it  may  be  represented  by 
one  or  more  of  the  sandstones  in  the  upper 
part  of  their  Green  River.  The  contact 
between  this  formation  and  the  overlying 
Bridger  was  difficult  to  determine;  it  was  drawTi 
in  the  field  at  the  horizon  considered  to  mark 
most  plainly  a  change  in  conditions  of  sedi- 
mentation. This  mapping  includes  at  the  top 
of  the  Green  River  about  135  feet  of  beds  that 
resemble  somewhat  the  overlying  as  well  as  the 
underlying  rocks.  The  Green  River  in  this 
part  of  the  field  is  about  1,200  feet  thick  and 
consists  principally  of  finely  laminated  shales, 
many  of  which  are  very  limy,  and  some  beds  of 
low-grade  oil  shale.  The  formation  weathers 
to  a  characteristic  buff  color.  In  the  upper 
500  or  600  feet  there  is  a  greater  amount  of 
clay  shale  and  tliin-bedded  to  massive  sand- 
stone. A  few  thin  beds  of  oolitic  limestone, 
generally  silicified,  and  calcareous  alga  reefs 
are  scattered  through  the  section. 

"  Uayden,  F.  V.,  U.  S.  Geol.  and  Oeog.  Survey  Terr.  Third  Ann 
Rept.,  p.  90,  18()9. 

"  Winchester,  D.  E.,  Oil  shale  of  the  Rocky  Mountain  region:  U.  S. 
Geol.  Survey  Bull.  729,  p.  125,  1923. 

»»  Idem,  pp.  124-126. 


The  Green  River  formation  is  peculiarly 
resistant  to  weathering  and  rises  in  high,  steep 
cliffs  of  monotonous  buff,  gray,  or  bluish-white 
tints,  contrasting  sharply  with  the  brightly 
colored  badlands  of  the  Wasatch.  Almost  as 
striking  is  the  contrast  between  the  Green 
River  and  the  overlying  Bridger,  which  weathers 
into  fantastic  badlands  of  ash  or  bluish  gray, 
varied  by  dark-green  and  light-bluish  sand- 
stones and  a  few  patches  of  red  and  orange- 
colored  clay  si  I  ale. 

STRUCTURE. 

The  southern  margin  of  the  field  is  the  north 
flank  of  the  Uinta  Mountain-iVxial  Basin  arch. 
West  of  Little  Snake  River  the  Eocene  beds, 
dipping  away  from  the  mountains,  rest  with 
marked  angular  unconformity  upon  the  up- 
turned edges  of  Mesozoic  rocks,  showing  that 
uplift  of  the  Uinta  region  both  preceded  and 
followed  Eocene  deposition.  Farther  south- 
east no  angular  unconformity  is  found  below 
the  Wasatch  and  Green  River,  a  fact  which 
indicates  that  movement  of  the  Axial  Basin 
anticline  began  after  the  end  of  Eocene  time. 

North  of  this  great  uplift  is  the  broad 
Green  River  Basin,  which  in  the  area  here 
mapped  is  divided  by  the  north-south  Rock 
Springs  uplift  into  two  synclinal  depressions. 
The  western  depression,  Imown  as  the  Bridger 
Basin,  is  partly  within  this  area.  The  eastern 
depression  is  separated  by  one  or  two  east- 
west  arches  into  the  Washakie  Basin  on  the 
north  and  the  Sand  Wash  Basin  on  the  south. 

The  present  southern  edge  of  the  Eocene 
outcrops  is  determined  partly  by  the  original 
limits  of  deposition  and  partly  by  structure. 
At  the  southwest  it  is  marked  in  part  by  the 
great  Uinta  fault,  which  extends  for  many 
miles  westward  from  the  northwest  comer  of 
Colorado;  some  if  not  all  of  the  movement 
along  this  fault  was  post-Wasatch.  It  is 
possible  that  the  fault  between  the  Cretaceous 
and  the  Wasatch  rocks,  extending  from  Dia- 
mond Peak  southeastward  to  a  point  beyond 
East  Fork  of  Vermilion  Creek,  is  a  continuation 
of  the  Uinta  fault,  but  their  relation  is  con- 
cealed l)y  recent  debris. 

From  Vermilion  Creek  southeastward  to 
Sand  Creek  the  margin  of  Eocene  deposits  is 
marked  by  a  zone  of  en  Echelon  faults  and 
sharp  anticlines.  These  and  other  faults 
farther  out  in  the  basin  have  no  bearing  on 
the  character  and  relations  of  the  Wasatch  and 
Green  River  and  need  not  be  described  here. 
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ORIGIN  AND    RELATIONS    OF   THE    WASATCH 
AND  GREEN  RIVER  FORMATIONS. 

THE  UINTA  MOUNTAINS  AS  A  SOURCE  OF 

MATERIAL. 

Powell  *^  noted  the  occurrence  of  thick  con- 
glomerates in  the  basal  part  of  his  '^ Bitter 
Creek  group"  (Wasatch  formation)  on  the 
north  side  of  the  Uinta  Mountains  from  Rich- 
ards Peak,  Wyo.,  to  a  point  east  of  Bruce 
Moimtain,  Colo.  The  conglomerate  consists 
of  boulders  and  pebbles  of  sandstone  and 
limestone;  in  the  vicinity  of  llichards  Peak 
the  limestone  boulders  contain  Jurassic  fossils. 
From  these  facts  Powell  inferred  that  in 
Wasatch  time  erosion  of  the  Uinta  Mountains 
had  in  places  reached  the  Carboniferous  rocks; 
that  the  conglomerate  referred  to  was  formed 
from  sandstone  and  limestone  of  Mesozoic  age, 
and,  to  a  lesser  extent,  of  Carboniferous  age; 
and  ''that  the  badland  rocks  of  Mesozoic  age 
were  carried  from  the  Uinta  region  and  redis- 
tributed as  badland  beds  of  the  Bitter  Creek 
period.''^*  Powell  ^*  noted  also  that  near  the 
Uinta  upUft  the  Green  River  formation  ''is 
much  thickened,  and  the  shales  are  replaced 
by  sandstones  and  conglomerates  of  fine 
pebbles";  from  this  he  inferred  that  the  Green 
River  was  *' derived  from  the  Uinta  region, 
and  that  the  material  was  supplied  from  lime- 
stones and  sandstones  of  Carboniferous  age." 

Additional  evidence  pointing  to  the  Uinta 
Moimtains  as  a  source  of  material  was  collected 
by  the  writers  in  1922.  Conglomerates  in 
both  the  Wasatch  and  the  Green  River  are 
thickest  and  carry  the  largest  boulders  near 
the  mountains  and  thin  rapidly  toward  the 
basin.  The  most  conspicuous  example  is  at 
Sugarloaf  Butte,  in  sees.  15  and  IG,  T.  11  N., 
R.  101  W.,  where  there  is  in  the  lower  part  of 
the  Wasatch  an  alternating  series,  150  to  200 
feet  thick,  of  very  coarse  conglomerate,  grit, 
and  lenses  of  coarse  cross-bedded  friable  buff 
to  white  sandstone.  Most  of  the  boulders 
are  well  rounded  by  stream  action,  but  some 
are  angular  and  subangular;  the  largest  boul- 
ders are  6  feet  in  diameter.  (See  PI.  XXV,  A.) 
This  notable  aggregation  of  coarse  detritus,  in 
which  there  is  only  the  crudest  kind  of  strati- 


14  Powell,  J.  ^\.,  Report  on  the  geology  of  the  eiusteru  portion  of  the 
Uinta  Mountains,  pp.  162-164,  U.  S.  Geol.  and  Oeog.  Survey  Terr.,  2d 
div.,  1876. 

14  Idem,  p.  165. 

>•  Idem,  p.  166. 


fication,  grades  laterally  within  less  than  a 
mile  to  the  north  and  east  into  carbonaceous 
shale,  shell  marl,  and  coarse  but  regularly 
bedded  sandstone — the  typical  Wasatch  assem- 
blage of  this  vicinity.  The  interfingering  of 
these  several  types  is  clearly  exposed  eastward 
in  the  bluffs  along  Talamantes  Creek  and  to  the 
north  in  deep  tributary  gulches.  There  can  be 
no  doubt  that  the  material  was  derived  from 
the  Uinta  uplift,  as  the  conglomerate  thins 
away  from  the  mountains  and  consists  prin- 
cipally of  gray  cherty  limestone  identical  with 
the  massive  Carboniferous  limestone  now 
exposed  high  on  the  flank  of  Cold  Spring 
Mountain,  less  than  2  miles  to  the  southwest. 
Evidently  the  Carboniferous  rocks  of  the  uplift 
were  being  eroded  during  at  least  a  part  of 
Wasatch  time. 

Westward  from  Sugarloaf  Butte  the  Wasatch 
contains  near  its  base  several  beds  of  conglom- 
eratic sandstone  consisting  of  abundant  whit« 
sugary-textured  quartzite  pebbles  and  boulders 
as  much  as  8  inches  in  diameter  in  a  white  or 
gray  sandy  matrix.  These  white  quartzites 
are  very  similar  to  the  Weber  and  older 
Pennsylvanian  quartzitic  sandstones  exposed 
in  the  Uinta  Moimtains.  Eastward  from 
Sugarloaf  Butte  as  far  as  East  Fork  of  Ver- 
milion Creek  conglomerates  in  the  lowest 
Wasatch  are  characterized  by  pebbles  of  black 
chert;  the  source  of  the  chert  is  imknown,  but 
the  pebbles  strongly  resemble  those  of  the 
Dakota  in  color,  roundness,  and  high  polish, 
and  they  may  have  been  reworked  from  that 
formation. 

Eastward  from  Godiva  Ridge  several  con- 
glomeratic sandstones  near  the  base  of  the 
Wasatch  contain  many  well-roimded  chert 
pebbles  less  than  half  an  inch  in  diameter; 
these  pebbles,  predominantly  white  and  to  a 
lesser  extent  red  and  black,  may  have  been 
derived  either  from  the  Uinta  Mountains  or 
from  the  Park  Range,  to  the  east. 

The  development  of  conglomerate  close  to 
the  mountains  is  illustrated  also  in  the  Green 
River  formation.  Along  Canyon  Creek  from 
sec.  18,  T.  12  N.,  R.  101  W.,  westward  to  Pine 
Mountain  the  upper  300  feet  of  the  Tipton 
tongue  of  the  Green  River  formation  is  repre- 
sented by  massive  medimn  to  coarse  grained 
sandstones  separated  by  very  thin  partings  of 
hard  greenish  shale.  In  these  sandstones, 
esi)ecially   in    the   upper   ones,    are   zones  of 
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pebbles  and  boulders  as  large  as  6  inches  in 
diameter,  of  white  and  brown  quartzite, 
angular  red  chert,  hard  shale,  and  cherty  lime- 
stone; a  few  boulders  consist  of  red  quartzite 
lithologicaUy  identical  with  the  red  quartzite 
that  forms  the  core  of  the  Uinta  Mountains. 
Schultz*^  noted  these  conglomeratic  sand- 
stones on  Canyon  Creek  and  says:  '^ Upstream 
on  Ruby  Creek  toward  the  mountains  the 
percentage  of  conglomerate  and  the  size  of  the 
pebbles  rapidly  increase.  Within  a  mile  boul- 
ders as  large  as  2  feet  are  encountered."  North- 
ward from  the  Canyon  Creek  coal  mine,  in  sec. 
17,  T.  12  N.,  R.  101  W.,  the  conglomeratic 
sandstone  grades  laterally  into  gray  fissile 
shale  that  is  characteristic  of  the  Tipton 
tongue. 

Another  type  of  evidence  pointing  to  the 
Uinta  Mountains  as  a  source  of  material  may 
be  summarized  as  follows.  An  erosional  window 
in  the  Browns  Park  formation,  in  T.  9  N.,  R. 
lOOT  W.,  exposes  the  Bridger  resting  with 
marked  angular  imconformity  upon  Mancos 
and  older  Mesozoic  rocks  dipping  northeast- 
ward on  the  flank  of  the  Uinta  Mountain 
•arch.  The  Bridger  is  very  conglomeratic, 
the  boulders  consisting  largely  of  gray  cherty 
limestone  containing  Carboniferous  fossils.  In- 
asmuch as  a  few  miles  farther  north  there  is  no 
angular  unconformity  between  the  Bridger 
and  Green  River,  the  fact  that  in  T.  9  N., 
R.  100  W.,  the  Bridger  rests  directly  upon  Meso- 
zoic rocks  seems  to  show  that  the  Wasatch 
and  Green  River  were  not  deposited  this  far 
south,  and  that  the  Bridger  was  laid  down  as 
an  overlap  beyond  the  margins  of  the  older 
Eocene  beds.  This  conclusion,  together  with 
the  conglomeratic  nature  of  the  Bridger,  indi- 
cates that  the  east  end  of  the  Uinta  Moun- 
tains was  never  buried  under  Eocene  beds  but 
was  the  site  of  erosion  that  furnished  the 
Eocene  sediments.  On  the  other  hand,  it 
seems  probable  that  the  Wasatch  and  Green 
River  formations  (and  possibly  the  Bridger) 
of  the  Green  River  and  Uinta  basins  were 
continuous  around  the  east  end  of  the  moun- 
tains; this  inference  is  drawn  from  the  narrow 
interval  (14  miles)  now  separating  the  north- 
em  and  southern  Wasatch  and  Green  River 
outcrops  east  of  Cross  Mountain  and  from 
the   lack    of    angular    unconformity    between 

"  Scbultz,  A.  R.,  Oil  possibilities  in  and  around  Baxter  Basin,  in  the 
Rock  Springs  uplift,  Sweetwater  County  Wyo.:  V .  S.  Geol.  Survey 
BaU.  702,  p.  31.  1920. 


Wasatch  and  Cretaceous  rocks  in  the  Axial 
Basin  anticline,  showing  that  that  arch  was 
not  uplifted  at  the  earliest  until  after  Green 
River  time. 

BROAD    VARIATIONS    AWA7    FROM    THE    SOTTRCE. 

In  addition  to  the  local  changes  within  the 
formations  near  the  mountains,,  there  are 
large-scale  lateral  variations  in  the  sediments 
farther  out  in  the  basin  of  deposition. 

In  the  basin  of  Vermilion  Creek  the  upper 
part  of  the  Wasatch  is  principally  variegated 
clay  shale  in  which  red  is  the  predominant 
color.  Tlie  lower  part  consists  largely  of  gray 
and  buff  clay  shale  and  sandstone;  it  includes 
also  some  brightly  colored  clay  shale,  a  few 
beds  of  coal  which  in  places  are  thick  enough 
to  be  mined  for  local  use,  thin-bedded  car- 
bonaceous shale  and  interbedded  shell  marl 
(wliich  superficially  resemble  the  Green  River 
formation),  and  at  least  one  calcareous  alga 
reef.  In  the  vicinity  of  East  Fork  of  Vermilion 
Creek,  northeastward  from  sec.  4,  T.  10  N., 
R.  100  W.,  a  zone  of  clay  shale  and  sandstone 
near  the  top  of  the  lower  Wasatch  grades 
laterally  into  gray  fissile  shale  of  Green  River 
appearance.  Farther  north  this  zone  includes 
beds  of  low-grade  oil  shale;  it  thickens  from 
about  200  feet  in  sec.  3,  T.  10  N.,  R.  100  W., 
to  nearly  400  feet  in  sees.  27  and  28,  T.  12 
N.,  R.  99  W.  The  method  of  thickening  is 
illustrated  at  the  base  of  the  fissile  shale  in 
sees.  34  and  35,  T.  11  N.,  R.  100  W.,  where  a 
long  wedge  of  papery,  low-grade  oU  shale  re- 
places toward  the  north  a  band  of  gray  and 
buff  chiy  shale,  and  the  whole  Green  River 
zone  thickens  100  feet  in  about  a  mile.  Similar 
examples  were  noted  elsewhere  along  the  out^ 
crop. 

Thus  the  Wasatch  is  split  northward  into 
two  parts  by  a  wedge  of  very  different  material. 
The  thickness  of  the  lower  part  is  unknown, 
as  the  base  is  not  exposed.  The  upper  part, 
called  by  Schultz  »«  the  Cathedral  Bluffs  red 
beds  member  of  the  Green  River  formation,  is 
1,200  feet  thick  at  Lookout  Mountain  and  600 
feet  thick  northwest  of  the  Washakie  Basin; 
westward  and  northwestward,  according  to 
Schultz,  it  merges  laterally  into  typical  Green 
River  shale.  The  wedge  of  fissile  shale  and 
oil  shale  was  named  by  Schultz  *"  the  Tipton 
shale  member  of  the  Green  River  formation. 

>»  Mem,  p.  28. 
>»  Idem,  p.  30. 


98 


SHORTER  CONTRIBUTIONS  TO  GENERAL  GEOLOGY,  1923-1924. 


On  the  east  side  of  the  Washakie-Sand  Wash 
depression  a  simihir  change  northward  occurs 
in  the  Wasatch.  Godiva  Ridge  is  capped  by 
the  main  body  of  the  Green  River  formation, 
which  in  this  area  is  the  Laney  sliale  member. 
Below  this  is  exposed  the  entire  Wasatch 
formation,  5,600  feet  thick,  consisting  of 
brightly  colored  clay  shale  and  subordinate 
sandstone,  with  no  beds  of  Green  River  type. 
North  of  Baggs,  Wyo.,  the  Tipton  tongue  of 
the  Green  River  enters  in  tlie  midst  of  the 
Wasatch  beds,  thickens  northward,  and,  encir- 
cling the  north  end  of  the  Washakie  Basin, 
unites  with  the  Tipton  to  the  west.  Thus 
the  outcrop  of  the  Tipton  tongue  has  the 
shape  of  the  letter  U  with  the  open  side  toward 
the  south.  The  Tipton  lake  may  have  ex- 
tended southward  to  a  line  between  Baggs 
and  East  Fork  of  Vermihon  Creek;  and  there 
is  a  possibihty  that  much  of  the  Cathedral 
Bluffs  tongue  of  red  beds,  deposited  as  this 
lake  retreated,  was  derived  from  the  east  and 
southeast. 

In  contrast  to  the  relations  described  above, 
Green  River  deposition  on  the  east  rim  of 
the  Bridger  Basin  was  evidently  not  inter- 
rupted by  a  temporary  regression  of  the  lake, 
as  the  Wasatch  and  Green  River  show  no 
interfingering,  even  close  to  the  mountains. 
In  this  area  the  lake  probably  reached  the 
foot  of  the  moimtains,  but  as  the  finelv  lami- 
nated  shale  and  oil  shale  of  the  Green  River 
indicate  deposition  in  very  quiet  water,  mate- 
rial must  have  been  carried  out  from  the 
mountains  very  slowlv  if  at  all. 

On .  the  rim  of  the  Wiishakie-vSand  Wash 
depression  the  main  body  of  the  Green  River 
formation  (Laney  shale  member)  undergoes 
a  very  gradual  northward  change.  Near  the 
mountains  it  is  prevailingly  buff  and  much 
of  its  shale  is  limy  and  poor  in  oil-yiehling 
organic  matter.  Although  sandstones  are  nu- 
merous, only  one  conglomerate  was  observed. 
This  conglomerate,  about  5  feet  thick,  con- 
tains small  subangular  pebbles  of  black  and 
green  chert  and  of  coarse-grained  red  quartzite, 
some  grains  of  glassy  quartz,  and  a  few  com- 
pact clay  balls.  The  pebbles  average  a  quar- 
ter of  an  inch  in  diameter;  a  few  pebbles  of 
black  chert  are  an  inch  in  diameter.  This 
conglomeratic  lens,  near  the  top  of  the  Laney 
shale  member  in  T.  9  N.,  R.   100  W.,  passes 


rapidly  northward  into  a  coarse-grained  sand- 
stone wnth  a  limv  cement.  Just  west  of  Little 
Snake  River,  near  the  center  of  T.  8  N.,  R. 
97  W.,  two  or  three  thin  beds  of  coal  and 
numerous  beds  of  partly  liumified  plant  re- 
mains occur  in  the  Lanev  shale  several  hun- 
dred  feet  above  the  base.  The  coal  beds  are 
bony  and  very  lenticular,  ranging  from  a 
few  inches  of  carbonaceous  material  to  beds 
3  feet  thick.  Toward  the  north  the  Green 
River  formation  contains  fewer  and  thinner 
sandstones,  and  its  buff  color  changes  gradually 
to  the  more  characteristic  bluish-white  tone, 
probably  owing  to  an  increasing  richness  of 
the  oil  shale. 

NOMENCLATURE. 

The  early  explorers  believed  that  the  Green 
River  formation  is  not  only  different  from  the 
Wasatch  in  lithology  but  is  also  distinctly 
younger  throughout.  Such  a  belief  is  justified 
in  the  Bridger  Basin,  where  the  Wasatch  was 
followed  by  continuous  Green  River  deposi- 
tion. Farther  east,  however,  in  the  Washakie- 
Sand  Wash  depression,  this  belief  led  them  to 
draw  the  boundary  at  the  base  of  the  beds  later 
named  Laney  shale  member  by  Schultz,  thus 
including  in  the  Wasatch  the  deposits  here 
called  the  Tipton  tongue  of  the  Green  River 
formation  and  the  Cathedral  Bluffs  tongue  of 
the  Wasatch  formation.  The  boundary  was 
drawn  at  the  same  horizon  by  Schultz  "  in  his 
reports  on  the  coal  fields  of  the  Rock  Springs 
uplift.  In  a  later  report,  however,  Schultz" 
described  the  northwestward  gradation  of  his 
Cathedral  Bluffs  red  beds  member  into  shale  of 
Green  River  type  and  suggested  that  his  Tipton 
shale  member  might  die  out  toward  the  south- 
east, causing  an  interfingering  of  the  two  forma- 
tions. He  believed  that  the  Green  River  west 
of  the  Rock  Springs  uplift  is  the  time  equiva- 
lent of  all  beds  east  of  the  uplift  between  the 
base  of  the  Tipton  tongue  and  the  base  of  the 
Bridger,  and  hence  he  treated  the  Tipton 
tongue  and  the  Cathedral  Bluffs  tongue  as 
members  of  the  Green  River  formation. 

20  Schultz,  A.  R.,  The  northern  part  of  the  Rock  Springs  ooal  field, 
SwectwaU'r  County,  Wyo.:  U.  S.  Geol.  Survey  Bull.  341,  pp.  256-282, 
lt)00;  The  southern  part  of  the  Rock  Springs  coiil  field,  Sweetwater 
County,  Wyo.:  U.  S.  Oeol.  Survey  Bull.  381,  pp.  214-281, 1910. 

21  Schultz,  A.  U.,  Oil  possibilities  in  and  around  Baxter  Basin,  in  ther:^ 
Rock  Springs  uplift.  Sweetwater  County,  Wyo.:  U.  S.  Geol.  Survej 
Bull.  702,  pp.  25,  28-31.  1920. 
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Although' the  time  equivalence  suggested  by 
Schultz  is  essentially  correct,  the  \^Titers  believe 
that  his  classification  does  not  adequately  ex- 
press the  time  and  depositional  relations  of  the 
Wasatch  and  Green  River.  The  interfingering 
of  these  formations,  now  proved  to  exist,  may 
be  better  indicated  bv  the  use  of  the  term 
''tongue,'^  introduced  by  Stephenson.^^  The 
names  Cathedral  Bluffs  tongue  of  the  Wasatch 
formation  and  Tipton  tongue  of  the  Green 
River  formation  are  therefore  here  used  to  re- 


arch  and  carried  great  amounts  of  sediment  out 
over  the  lowlands.  Alluvial  fans  of  poorly 
sorted  boulders  were  built  up  at  the  foot  of  the 
mountains  by  torrential  streams;  flood-plain 
silts  and  stream-channel  deposits,  which  later 
became  colored  clay  shale  and  coarse,  irregu- 
lar sandstone,  were  laid  down  farther  out  in  the 
basin.  Here  and  there  swamp  conditions  per- 
mitted the  accumulation  of  plant  remains, 
which  later  became  carbonaceous  shale  and 
coal.     To  the  east  and  west  these  deposits  of 
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Figure  10.— Sections  from  northwest  to  southeast  in  the  Green  River  Btisin,  Wyoming  and  Colorado,  showing  interflngering  of  the  Wasatch 

and  Green  River  formations. 


place  the  memhers  of  Sc^huUz.  The  relations 
of  these  tongues  are  shown  diagrammatically  in 
Figure  10. 

SUMMARY  OF  GEOLOGIC  BISTORT. 

The  geologic  events  bearing  on  the  deposition 
and  relations  of  the  Wasatch  and  Green  River 
in  this  area  may  be  summarized  as  follows : 

After  Cretaceous  time  the  Mesozoic  and 
older  rocks  were  lifted  many  thousands  of  feet 
in  the  Uinta  Mountain  arch,  and  on  the  north 
side  part  of  this  movement  resulted  in  great 
faulting.  Streams  began  a  vigorous  attack  on 
the  Mesozoic  rocks  forming  the  surface  of  the 

<*  sAsfiieoBon,  L.  W.,  Tongue,  a  new  stratigraphic  tenn,  with  iUostra- 
tton^from  the  Mississippi. Cretaoeop^:  Washington. Acftd.  ^d.  Jour., 

91457*— 24t 2. 


early  Wasatch  time  merged  with  material 
brought  from  the  Park  and  Wasatch  ranges. 
As  erosion  cut  deeper  into  the  mountain  mass, 
older  rocks  were  exposed  and  fragpients  erf  Car- 
boniferous limestone  were  carried  into  the 
basin.  Scattered  shallow  ponds  swarmed  with 
organisms  such  as  Unio  and  Ooniobasis,  as  is 
attested  by  the  abundant  shell  marl  inter- 
spersed in  lenses  of  finely  laminated  carbona- 
ceous shale.  The  increasing  thickness  of  the 
Wasatch  deposits  caused  an  encroachment 
upon  the  lower  flanks  of  the  moimtains,  as  illus- 
trated on  Vermilion  Creek  by  the  overlap  of  the 
Wasatch  upon  beds  ranging  in  age  from  Mesa- 
verde  to  Twin  Creek.  East  of  the  Uinta 
Mountains  the  Wasatch  was  laid  down  upon 
practically  horizontal  Cretaceous  rocks. 
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Over  those  flood-plain  deposits  spread  jrrad- 
uhIIv  a  broad,  shallow  lake.  Toward  the  west 
this  lake  reached  the  foot  of  the  Uinta  Moun- 
tains; here  its  transgression  marked  the  end  of 
Wasatch  sedimentation,  as  the  lake  main- 
tained its  position  until  the  end  of  Green  River 
time.  Farther  east  the  marj2:in  of  the  lake 
was  a  line  hetween  East  Fork  of  Vermilion 
Creek  and  Baggs,  Wyo.  Into  the  quiet  waters 
of  this  lake  was  transported  fine  sethment, 
which  became  mixed  witli  varvinj'  amounts  of 
organic  matter  and  form(»d  the  gray  fissile 
shale  and  oil  shale  of  Cirec^n  liiver  type. 
Some  coarser  dC^bris  was  carried  into  the  edges 
of  the  lake,  as  sho\Mi  ])y  the  (H>nglomerate  in 
the  Tipton  tongue  on  (-anyon  CYeek.  Mean- 
while sedimentation  of  Wasatch  type  was  con- 
tinuing over  tlie  flood  plains  not  transgressed 
bv  the  lake. 

-iVfter  the  deposition  of  several  liuiidnMl  feet 
of  shale,,  forming  the  Tiptcm  tongue,  the  margin 
of  the  lake  gradually  receded  to  a  line  roughly 
marked  to-day  by  the  axis  of  tlie  Jlock  Springs 
uplift.  Within  the  limits  of  the  restricted 
lake  the  formation  of  Green  River  sediments 
continued,  while  over  tlio  fine  silt  left  exposed 
by  its  retreat  was  deposited  the  brightly  col- 
ored clay  shale  of  the  Cathedral  Bluffs  tongue. 
After  the  formation  of  600  to  1,200  feet  of 
sediments  composing  the  Cathedral  Bluffs 
tongue  Wasat<'Ji  deposition  came  to  an  end 
bv  a  new  advance  of  the  Green  Jtiver  lake, 
wliich  this  time  encircled  the  east  end  of  the 
mountains  and  united  with  the  lake  of  the 
Uinta  Basin.  Tlie  much  smaller  thickness  of 
the  entire  Green  River  formation  at  Green 
River,  Wyo.,  compared  with  the  thickness  of 
its  age  equivalents — tlie  Tipton  and  Cathedral 
Bluffs  tongues  and  Laney  shale  member  (pos- 
sibly including  representatives  of  the  *' Tower 
sandstone'*  and  plant  beds  of  Powell)  at 
Lookout  Mountain,  may  be  partly  accounted 
for  by  a  gradual  southeastward  tilting  that 
mav  have  been  an  important  factor  in  the 
second  transgression  of  the  (jretMi  River  lake. 

Lrfiter  folding  and  faulting  have  chimgt^d  the 
attitude  of  the  Wasatch  and  (ireen  River  but 
have  not  affected  their  relations. 

Two  questions  may  be  outlined  as  problems 
for  future  studv.  \Miat  was  the  mode  of  dis- 
appearance  of  the  Green  River  lake?  Are  the 
eurliftfit  Green  River. beds  of  the  L'inta  Ba.sin 
the  age  equivalcfUts  of  the  basal  Tipton  tongue 
or  the  ba.sal  part  of  the  Lanoy  shale  member? 


OIL  SHALE  IN  THE  GREEN  RIVER  FORMATION. 

PHYSICAL  PBOPERTIBS. 

T\w  oil  shale  in  the  Green  River  formation 
may  be  divided  into  two  distinct  varieties,  be- 
tween which  there  are  many  gradations.  One 
variety  is  hard  and  tough.  On  fresh  surfaces 
it  is  chocolate-brown  to  black  and  generally 
shows  no  (list  inct  lamination.  When  weathered 
it  is  predominantly  of  a  bluish-white  color,  and 
itsfinelvlaminat(»d  structure  is  indicated  bvthe 
alternation  of  thin  dark-gray  bands  with  bluish- 
white  layei-s.  (See  PI.  XXV,  B.)  The  frac- 
ture is  commonly  subconchoidal ;  freshly  broken 
fac(»s  have  a  vitreous  or  pitchy  luster  in  the 
richest  grades  and  are  dull  in  the  leaner  grades. 
The  other  variety  has  very  pronounced  bedding 
of  paj)er  thinn(»ss  and  is  commonly  called 
papery  shale.  Its  laminae,  which  are  re- 
markably flexible,  separate  very  readily.  (See 
PI.  XXV,  C.)  Fresh  samples  are  light  to 
dark  bro\^ni  or  less  commonlv  black:  weathered 
surfaces  are  light  bluish  gray  or  white..  In 
general,  the  tough,  massive  variety  yields  more 
oil  than  the  papery  shale. 

CHEMICAX  PBOPEBTISS. 

Oil  shal(»  contains  little  or  no  petroleum  as 
such,  and  only  a  small  percentage  of  the  organic 
matter  can  be  extracted  with  conmion  pe- 
troleum solvents  such  as  carbon  tetrachloride 
carbon  bisulphide,  and  benzene.  The  per 
cent  age  (extracted  varies  with  the  character  of 
the  shale  and  the  solvent,  but  according  to  a 
table  pn^parecl  by  Gavin  -^  the  average  amount 
extracttnl  by  six  solvents  fmm  three  samples  of 
Green  River  shales  was  only  1.3  per  cent  of  the 
weight  of  the  samples. 

Upon  d(»stnictive  distillation  the  organic 
matter  in  the  shale  vields  a  crude  oil.  Accord- 
ing  to  Steuart,-*  Prof,  (-rum  Brown  gave  the 
name  *'kerog(»n''  to  this  organic  matter  of 
indefinite  and  variable  chemical  composition. 

The  economic  value  of  the  shale  depends 
upon  the  character  of  the  kerogen  and  the 
pro]>ortions  of  kerogen  and  clastic  mineral 
matter.     McKee   and    Goodwin  '•   show   that 

i^  <}:iviii,  M.  J.,  Oilstuile  -an historioul,  technical, and eccmomlc study: 
r .  S.  Bur.  M  JIM'S  Bull.  210.  p.  28, 1'OM. 

'«SUniurt,  I).  U.,<)ilt;niik«o(thDLothiai]S,|iL3»Tb»clieintato'ofUit 
oil  sh:Ui>s,  2(1  (Ml.,  [>.  l.V),  Scotlan<l  Qeo\.  Survey  Mem.,  1912. 

"  Molvcf,  R.  II..  nn<l  Ooodwin,  R'.  T.,  A  chemioaleiamiiuitionortbt 
orKanic  nuittcr  in  oil  shakw:  Colorado  School  of  MiiMS  Quart.,  vol.  U^ 
No.  1,  pp.  8,  20,  1083. 
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the  chemical  composition  of  the  kerogen  and 
hence  of  the  oil  distilled  from  it  differs  in 
different  shales  and  even  from  place  to  place 
in  the  same  formation.  For  example,  shale 
oil  from  the  Green  River  formation  in  Colorado 
has  a  mixed  paraffin  and  asphalt  base,  whereas 
shale  oil  from  a  locality  in  Utah  has  an  asphaltic 
base.  The  yield  of  oil  is  to  some  degree 
dependent  upon  the  chemical  composition  of 
the  shalc;  but  is  determined  far  more  by  the 
amount  of  kerogen  present. 

EFFECT  OF  VAKYING  CONDITIONS  OF  FORMATION 

Researches  of  numerous  careful  students  ^® 
indicate  that  kerogen  was  formed  by  the  ac- 
cumulation in  fresh  water  of  spore  exines,  pol- 
len grains,  the  more  resinous  parts  and  some- 
what macerated  cuticles  of  larger  plants,  and 
the  remains  of  various  types  of  algae,  particu- 
larly the  more  gelatinous  and  filmy  types. 
The  low  orders  of  plant  life,  both  sessile  and 
planktonic,  the  drift  material,  and  the  parts 
of  higher  plants  would  be  distributed  in  vary- 
ing amounts  through  a  body  of  fresh  water 
according  to  depth,  currents,  wave  action, 
source  of  supply  of  extraneous  material,  pre- 
vailing winds,  and  other  factors.  Where  clas- 
tic material  was  being  carried  into  the  lake 
the  organic  content  of  the  shale  formed  would 
be  relativelv  smaller  and  the  value  of  the  shale 
as  an  oil  producer  would  be  lessened.  ^V^lOTe 
the  organic  debris  could  accumulate  without 
much  influx  of  inorganic  material  the  resultant 
shsie  would  be  very  much  richer  in  kerogen. 

From  this  reasoning  it  is  easily  understood 
why  the  oil  shaliB  of  the  Green  River  formation 
near  the  east  end  of  the  Uinta  Mountains  is  of 
very  low  grade.  Much  clastic  material  was 
carried  out  from  tlie  mountains  and  deposited 
in  the  shoreward  portion  of  the  Green  River 
lake;  the  proportion  of  included  organic  ma- 
terial was  small.     Farther  out  in  the  lake,  and 


*  Bertrand,  C.  E.,  Les  charbons  humiques  et  los  charbons  des  purirus: 
LlUe  Univ.  Trav.  et  M«^m.,  vol.  «,  Mt^m.  21,  pp.  13-178,  lh98;  Cori- 
f^noes  8ur  les  charbons  de  lerre:  Soc.  beige  g«''ol.  Bull.,  vol.  II,  p.  287, 
1807.  Davis,  C.  A.,  On  the  fossil  algae  of  the  petroleum-yielding  shales 
of  the  Green  River  formation  of  Colorado  and  Utah:  Nat..  Acad.  Sci. 
Proc.,  vol.  2,  pp.  114-119,  1916;  quoted  in  Winchester,  D.  E.,  Oil  shale  in 
northwestern  Colorado  and  adjacent  areas:  V.  S.  Gool.  Survey  Bull. 
Ml,  p.  165,  1916;  Oilshale  of  the  Uinta  Basin,  northcjistern  Utah:  U.  S. 
Geol.  Survey  Bull.  691,  pp.  46-47,  1918.  Jeffrey.  E.  C,  Thii  nature  of 
some  supposed  algal  coals:  Am.  Acad.  Arts  and  Sci.  Proc.,  vcj.  4(J,  pp. 
273-200,  1910.  Thiessen.  Reinhardt,  and  White,  David,  The  origin  of 
COBl:  U.  S.  Bur.  Mines  Bull.  38,  pp.  199-203,  1913;  Origin  orcertain  oil 
shales:  Econ.  Geology,  vol.  16,  pp.  289-300,  1921.  White,  David.  Late 
theories  regarding  the  origin  of  oil:  Geol.  Soc.  America  Bull.,  vol.  28, 
p.  730,  1917. 


also  near  shore  at  places  where  little  clastic 
material  was  being  supplied,  the  proportion  of 
organic  debris  was  much  larger,  and  the  shale 
is  far  richer  in  the  oil-yielding  kerogen.  The 
variation  is  strikingly  shown  by  comparison  of 
sections  of  the  Tipton  tongue  in  T.  10  N., 
R.  100  W.,  Colo.,  and  T.  12  N.,  R.  102  W., 
Wvo.,  with  a  section  on  Shell  Creek  in  T.  12 
N.,  R.  99  W.,  Colo.;  it  is  indicated  also  by 
comparison  of  sections  of  the  Laney  shale  mem- 
ber in  T.  8  N.,  R.  97  W.,  and  T.  10  N.,  R.  100 
W.,  wath  those  in  T.  13  N.,  R.  99  W.,  and  T. 
17  N.,  R.  106  W.  These  sections,  given  on 
following  pages,  show  a  gradation  northward; 
as  the  sandstones  and  the  more  limy  and 
sandy  shales  disappear  the  percentage  and 
richness  of  oil  shale  increase. 

MEASTJBED  SECTIONS  AND  TESTS. 

The  foUownng  sections,  measiu'od  by  the 
writers  except  iis  otherwise  noted,  indicate  the 
cliaracter  of  the  formation  at  different  locali- 
ties and  present  more  detailed  data  concerning 
lateral  changes.  Results  of  distillation  tests 
are  given  opposite  the  descriptions  of  the  beds 
sampled.  Beds  described  as  low-grade  oil  shale 
yield  less  than  10  gallons  fb  the  ton. 

Sections  of  Tipton  tongue  of  Green  River  formation  in 
Moffat  County,  Colo.,  and  Sweetwater  County j  Wyo. 

Locality  1,  sec.  3,  T.  10  N.,  R.  100  W. 

Ft.      in 

Sandstone,  bufT,  hard,  medium  grained. _:_  2  .     6 
Sandstone,     brown,     thin     bedded,    inter- 
bedded  with  hard  gray-greon  shale 21 

Sandstone,  gray,  massive,  medium  grained'.  2       8 

Shale,  gray-green,  platy .  '2       6 

Sandstone,  brown,  medium  grained- 2 

Shale,  greenish  brown,  platy  to  lumpy. __.  8 

Sandstone,*  brown,  platy,  medium  grained.  3 

Shale,  gray-green,  platy 3 

Sandstone,  reddish  brown,  medium  grained, 

undulating  bedding  planes . 1       6 

Shale,  greenish  brown,  sandy,  platy 8       6 

Sandstone,  brown,  very  fine  grained 2 

Shale,  gray-green ,  plat  y  _    . 2 

Sandstone,  l)rown,  very  fine  grained 4 

Shale,  gray-green ,  platy 4    • 

Sandstone,  brown,  very  fine  grained 6 

Clay  shale,  light  gray . 3 

Shale,  gray-green ,  soft,  platy 6 

Sandstone,  yellow-brown,  thin  bedded,  fine 

grained ^ 8 

Shale,  gray-green,  platy  to  lumpy 5       6 

Shale,  brown,  carbonaceous,  papery;  trace 

of  oil ,5       6 

Shale,  gray  to  light  brown,  flaky  _  -^  . 31 

Shale,  chocolate-browD,  carbonaceous;  trace 

of  oil 3       6 
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Ft.     m. 
Shale,  gray,  flaky 3 

Sandstone,     buff,     cross-bedded,     medium 

grained 10 

Shale,    brownish    gray,    papery;    contains 

many  humified  plant  fragments 24 

Sandstone,  buff,  cross-bedded;  upper  3  feet 

platy  with  shaly  partings 19 

Shale,  dark  brown,  papery,  brittle,  car- 
bonaceous; contains  abundant  humified 
plant  fragments -         56 

Wasatch  formation.  

227 

Locality  2.  sec.  15,  T.  12  N..  R.  102  W. 

Sandstone,  brown,  cross-bedded,  very 
coarse  grained,  locally  conglomeratic, 
carrying  red  and  brown  (juartzite 
boulders  as  much  as  5  inches  in  diameter  _  1 5-f 

Sandstone,  hard,  gray;  irregular  thin  bed- 
ding   2       6 

Sandstone,  light  gray,  cross-bedded,  medium 
to  coarse  grained 2 

Sandstone,  gray,  very  hard,  thin  bedded, 

finegrained 7       6 

Interval  concealed,  probably  fine-grained 
lumpy  sandstone 7 

Sandstone,     cross-bedded,    from    medium 

grained  to  conglomeratic 3 

Sandstone,  hard,  fine  grained 4 

Sandstone,  brown,  massive,  coarse  grained  _ .  2       6 

Sandstone,  hard,  massive,  fine  grained 10 

Sandstone,  massive,  oofM^se  grained;  carries 
a  few  pebbles 2 

Shale,  hard,  sandy,  interbedded  with  thin- 
bedded  sandstone 24 

Sandstone,  platy,  interbedded  with  thin, 

hard,  impure  limestones 6 

Sandstone,  hard,  platy,  very  fine  grained.  _  4 

Sandstone,- gray,  soft,  thin  bedded  to  cross- 
bedded,  medium  grained 6 

Sandstone,  greenish  gray,  hard,  irregularly 
bedded;  contains  numerous  soft  white 
specks 5 

Sandstone,  buff,  massive,  fine  grained 5       6 

Sandstone,  greenish  gray,  hard,  irregularly 
bedded;  contains  numerous  soft  white 
specks 11 

Sandstone,  gray,  cross-bedded,  in  part  con- 
glomeratic  ^ 9 

Sandstone,  thin  bedded,  fine  grained,  in- 
terbedded with  hard  brown  low-grade 
oil  shale 8       6 

Sandstone,  basal  3  feet  conglomeratic, 
carrying  pebbles  of  white  quartz,  hard 
shale,  red  and  gray  chert,  and  limestone; 
remainder  fine  grained  and  irregularly 
thin  bedded 22 

Shale,  very  low-grade  oil  shale,  interl>edded 
with  numerous  fine-grained  platy  sand- 
stones   6 

Sandstone,  brown,  sUghtly  cross-bedded; 
carries  subangular  white  and  pink 
quartzite  pebbles 12 


Ft.    in 

Sandstone,  blue-gray,  soft,  fine  grained 9 

Sandstone,  light  gray,  very  coarse  grained, 

locally  cross-bedded  and  conglomeratic.         10 
Sandstone,  massive  to  platy,  medium    to 

fine  grained 7 

Shale,  sandy,  platy 6 

Sandstone,  greenish  gray,  massive,  sugary 

textured,  medium  grained 3      6 

Shale,  sandy,  interbedded  with  thin-bedded 

medium-grained  sandstone 4      6 

Shale,    hard,    brown;  low-grade   oil  shale; 

contains  small  limy  concretions 5 

Sandstone,  soft,  medium  to  coarse  grained 

and  slightly  cross-bedded;  several  6-inch 

partings  of  hard  shale 24 

Shale,  laminated  to  lumpy;  contains  sandy 

lenses -_  2      3 

Sandstone,  reddish  brown,  massive,  medium 

grained 2      6 

Shale,  greenish  gray,  hard,  lumpy 2      6 

Shale,    hard,    brown;  low-grade  oil  shale; 

weathers  blue-gray 3 

Sandstone,  soft,  medium  to  coarse  grained.  _  4 

Sandstone,  thin  bedded;  interbedded  with 

shale 5 

Sandstone,  brown,  medium  grained 9 

Shale,  dark  brown,   laminated;  low-grade 

oil  shale 3 

Sandstone,  brown ,  coarse  grained 8 

Shale,  hard,  brown,  massive;  low-grade  oil 

shale - 10 

Sandstone,  brown,  medium  grained _. 8 

Shale,  chocolate-brown,  hard,  massive;  low- 
grade  oil  shale 15 

Sandstone,    red-brown,    massive    to    thin 

bedded,  medium  to  fine  grained;  carries 

leaf  impressions;  numerous  thin  partings 

of  sandy  shale 69 

Shale,  sandy,  gray;  few  thin  platy  sand- 
stones          14 

Shale,  brown,  papery;  few  thin  sandstones; 

trace  of  oil 11 

Concretionary  zone;    probably  calcareous 

alga  reef 2 

Sandstone,  soft, coarse  grained,  cross-bedded; 

lower  part  sandy  clay  shale 30 

Sandstone,  brown,  thin  bedded,  fine  grained  4 

Clay  shale,  hard,  gray 9 

Sandstone,  brown,  soft  and  friable,  coarse 

grained 18 

Clay  shale,  blue-gray _.         15 

Shale,  papery ;  low-grade  oil  shale 10 

Clay  shale,  sandy,  hard  and  lumpy 18 

Shale,  brown,  papery;  low-grade  oil  shale. .         11 

Clay  shale,  gray;  few  thin  sandstones 5 

Shale,  chocolate-brown,  papery;  low-grade 

oil  shale 17 

Sandstone,  limy;  full  of  Goniobasis  shells..  2 

Gray  and  maroon  clay  shale  of  Wasatch 

formation.  — — 
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LocaUtjr  3,  sees.  27  and  28.  T.  12  N.,  R.  99  W 

Red  and  green  clay  shale  and  sandstone  of 
the  Cathedral  BluflFs  tongue  of  Wasatch 
formation. 

Shale,  greenish  gray;  upper  part  clayey; 
lower  part  laminated  low-grade  oil  shale. 

Sandstone,  brown,  soft,  tliin  bedded,  fine 
grained;  ripple-marked  at  top 

Shale,  greenish  gray,  hard,  laminated 

Sandstone,  brown,  thin  bedded,  fine  grained, 
interbedded  with  sandy  shale 

Shale,  sandy,  hard 

Sandstone,  light  gray,  soft,  thin  bedded, 
interbedded  with  sandy  shale 

Shale,  hard  and  sandy,  interbedded  with 
thin  fine-grained  micaceous  sandstones  __ 

Sandstone,  brown,  hard,  medium  grained, 
in  part  cross-bedded;  abundant  mica 
flakes 

Sandstone  and  interbedded  bluish-gray 
shale;  both  micaceous 

Zone  of  hard  brown  sandv  concretions 

Sandstone,  dark  gray,  much  cross-bedded, 
fine  grained;  distinct  parting  planes  of 
mica  flakes 

Shale,  light  gray;  few  thin  micaceous  sandy 
lenses 

Alga  reef,  calcareous 

Shale,  hard,  dark  gray,  papery;  low-grade 
oil  shale 

Sandstone,  buff,  medium  grained;  numerous 
partings  of  hard  sandy  shale 

Sandstone,  buff,  very  thin  bedded 

Shale,  dark  gray,  papery;  trace  of  oil 

Shale,  sandy,  interbedded  with  irregular 
thin  sandstones 

Shale,  hard,  sandy,  interbedded  with  hard 
light-gray  shale  that  shows  trace  of  oil.  _ 

Shale,  sandy,  and  thin  sandstone 

Shale,  bluish  gray,  hard,  flaky;  shows  trace 
of  oil 

Shale,  sandy,  and  thin  sandstones 

Clay  shale,  sandy 

Sandstone,  brown,  medium  grained,  irregu- 
larly bedded 

Shale,  gray-green,  hard;  trace  of  oil;  few 
thin  lenses  of  very  fine  sand 

Sandstone,  brown,  soft,  fine  grained,  mas- 
sive, micaceous ^ 

Shale,  bluish  gray,  sandy 

Sandstone,  buff,  soft,  medium  to  coarse 
grained,  massive,  micaceous 

Shale,  gray,  hard,  sandy;  few  tliin  sand- 
stone lenses;  carries  a  few  plant  frag- 
ments  

Sandstone,  drab,  soft,  medium  grained,  mi- 
caceous. ^ 

Shale,  dark  gray,  sandy,  fissile 


Ft.    in. 
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Ft.     in. 

Sandstone,  coarse  grained,  thin  bedded 2 

Shale,  sandy,  interbedded  with  thin  sand- 
stones; both  carry  abundant  mica  flakes. .  8 
Sandstone,     white,     very     friable,     coarse 

grained     5 

Shale,  dark  gray,  fissile 5 

Shale,  dark  brown,  papery,  tough;  low-grade 

oil  shale.. g       g 

Shale,  sandy,  and  thin  sandstones 2 

Sandstone,  white,  friable,  medium  grained, 

micaceous g       g 

Shale,  dark  chocolate-brown,  soft 1       4 

Shale,  sandy,  and  thin  soft  sandstones 6       6 

Sandstone,  white,  very  soft  and  sugary,  me- 
dium grained,  micaceous g 

Sandstone,  dark  reddish  brown,  hard,  coarse 

grained,  cross-bedded 2       6 

Sandstone,  buff,  massive,  fine  grained 6 

Sandstone,  dark  brown,  much  cross-bedded, 

medium  grained 2 

Clay  shale,  light  brown 3 

Sandstone,  buff,  soft,  coarse  grained 6 

Shale,  sandy 2 

Sandstone,  brown,  irregularly  bedded,  fine 

grained g 

Shale,  gray,  soft,  flaky 10 

Shale,  very  dark  brown,  hard,  tough  (sam- 
ple IV-53;  7.5  gallons) 5 

Shale,  gray  to  brownish,  flaky 14 

Shale,  dark  chocolate-brown,  papery;  low- 
grade  oil  shale g 

Clay  shale,  greenish  gray,  sandy 15 

Shale,  dark  brown  to  nearly  black,  papery; 

low-grade  oil  shale 15 

Limestone,  hard,  shaly q 

Shale,  dark  chocolate-brown,  papery,  some- 
what carbonaceous;  low-grade  oil  shale.  _  18 

Clay  shale q 

Concealed,  apparently  sandy  shale 40 

Sandstone,  fine  grained,  thin  bedded IQ 

Clay  shale,  light  gray 5 

Limestone,   hard,   shaly q 

Shale,  chocolate-brown,  papery,  tough;  low- 
grade  oil  shale 4       g 

Shale,  greenish  gray,  sandy,  flaky 4 

Shale,  dark  brown,  papery,  flexible  laminae; 

low-grade  oil  shale q 

Shale,  sandy,  flaky , 4 

Shale,  dark  brown,  papery;   low-grade   oil 

shale 14 

Clay  shale,  sandy,  and  thin  sandstones 4 

Shale,  nearly  black,  papery;  low-grade  oil 

shale 32 

Silicified  bed  of  small  Goniohasis  shells 2 

Sandstone,  gray,  medium  grained,  thin  bed- 
ded ;  carries  a  few  larger  Goniohasis  shells.            4 
Wasatch  formation,  main  body.  

388       4 
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in. 


S 

G 
10 


;^ 


8 


ft 


6 


Sections  of  Laney  shale  member  oj  Green  River  formation 
in  Moffat  County^  Colo.y  and  Sweetwater  County,  Wyo. 

LocalUy  4.  sees.  22  and  27.  T.  10  N.,  R.  100  W. 

Sandstone,    limestone,    and    clay    shale    of 

Bridger  formation. 
Sandstone,    greenish    brown,    medium    to         Ft. 

coarse  grained,  micaceous,  cross-bedded _  _  1 

Clay  shale,  sandy 7 

Sandstone,  greenish  brown,  medium  grained, 

cross-bedded 2 

Sandstone,  greenish  brown,  medium  grained, 

platy 

Clay  shale,  sandy 3 

Shell  marl,  largely  Goniobasis  shells 

Clay  shale,  greenish  gray _  7 

Sandstone,  dark  brown,   medium  grained, 

crudely  bedded 1 

Clay  shale,  gray o 

Sandstone,  brown,  medium  grained 

Clay  shale,  greenish  gray,  hard 0 

Sandstone,  brown,  platy 

Clay  shale,  gray.. 11 

Sandstone,    hard,   limy,   medium   grained; 

carries  Goniobasis  shells 

Clay  shale,  sandy. _ _ ") 

Sandstone;  dark  brown,  platy 1 

Alga    reef,    calcareous;    some    calcareous 

shale 2 

Clay  shale,  gray 21 

Sandstone,  gray,  fine  grained 4 

Clay  shale,  greenish  gray 8 

Sandstone,  brown,  shaly 20 

Limestone,  shaly,  buff 1 

Shale,  brown,  flaky 2 

Shale,  hard,  limy. 

Shale,  buff,  blocky 15 

Sandstone,    light    gray,    sugary    textured, 

medium  grained,  friable,  massive 22 

Clay  shale,  sandy,  pale  green 7 

Sandstone,  greenish  gray,  fine  grained 2 

Clay  shale,  greenish  gray 8 

Sandstone,  gray,  medium  grained  1 

Clay  shale,  greenish  gray G 

Shale,  calcareous,  platy 10 

Clay  shale,  gray 1 

Shale,  calcareous,  platy 4 

Clay  shale,  gray 1 

Shale,  calcareous,  hard,  platy .  4 

Clay  shale,  gray;  contains  lenses   of   loose 

fine  to  coarse  sand 21 

Limestone,  buff,  shaly,  hard,  blocky 

Shale,  yellowish  brown,  lumpy 1 

Limestone,   brown,   hard,   impure,   in   part 

crystalline 5 

Shale,  gray  to  brown,  platy  and  flaky 12 

Sandstone,  light  gray,  friable,  medium  to 

coarse  grained 11 

Clay    shale,    greenish    gray,    lumpy    and 

flaky 7 

Limestone,  shaly,  buff,  hard,  blocky 1       4 

Clay   shale;    contains  water-rounded    clay 

balls... 10 

Shale,  buff,  hard,  platy 1       7 


s 


10 


Clay    shale,    light    gray;    contains    water- 
rounded  clay  balls 

Marl,  shaly;  irregular  bedding;  carries  pele- 

cypod  shells 

Alga    reef,    calcareous,    in    part   silicified; 

carries  some  oolites 

Clay  shale,  greenish  gray,  lumpy 

Sandstone,  very  friable,  very  fine  grained.. 
Shale,  carbonaceous;  partly  humified  plant 

remains  abundant 

Shale,  gray,  flaky  and  lumpy 

Shale,  calcareous,  hard,  platy 

Shale,  gray-green,  flaky 

Shale,  very  carbonaceous 

Clay  shale,  gray 

Sandstone,  massive,  medium  grained 

Sandstone,    extremely    friable,    very    fine 

grained 

Sandstone,  medium  grained 

Sandstone,  soft,  very  fine  grained 

Concealed,  probably  clay  shale 

Shale,  gray,  flaky 

Limestone,  shaly,  hard,  buff 

Concealed,    probably    soft   sandstone   and 

clay  shale 

Shale,  buff,  hard,  platy;  trace  of  oil 

Shale,  brown,  hard,  limy 

Clav  shale 

Clay  shale,  sandy 

Sandstone,   brown,   very   friable,   medium 

grained 

Clay  shale,  greenish  gray 

Sandstone,  gray,  fine  grained,  banded 

Shale,    brown,    carbonaceous;    thin    shell 

marls 

Clay    shale,    sandy;    lenses   of   soft   sand- 
stone   

Clay  shale,  gray-green 

Shale,  brown  to  black,  carbonaceous 

Concealed,  probably  clay  shale 

Shiny    black,   soft,   earthy   matter;   yields 

some  oil 

Concealed,  probably  clay  shale 

Clay  shale,  gray-green,  sandy 

Clay  shale,  gray 

Shale,  papery;  poorly  exposed 

Shale,  dark  chocolate-brown,  hard,  tough 

(sample  0114-A;  10  gallons) 

Shell  marl,  containing  flat  gastropods,  fish 

vertebrae,  and  bone  fragments 

Shale,  limy,  brown;  carries  plant  fragments; 

low-grade  oil  shale 

Shale,  limy,  hard 

Shale,  chocolate-brown,  hard,  tough;  low- 
grade  oil  shale 

Clay  shale,  gray 

Shale,  reddish  brown,  carbonaceous,  very 

fissile;  numerous  plant  fragments 

Sandstone,  friable,  very   fine-grained   car- 
bonaceous partings 

Clay  shale,  gray 

Shale,  brown,  platy 

Shell  marl;   Goniobasis  and  Unio  shells 


Pt.    in. 
1     8 

8 


1 

3 

8 

4 

21 

1 

8 

6 

2 

3 

2 

6 

1 

6 

1 

6 

15 

1 

2 

6 

13 

7 

6 

8 

52 

8 

7 

11 

1 

1 

4 

2 

3     5 


28 
2 

17 


6 
10 


2 

4 

6 

2 

7 

3 

19 

6 

1 

4 

11 

4 

1 

8 

1 

3 

1 

3 

6 

2 

1 
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Ft.      in. 

Shale,  platy ;  carries  ostracodes 11 

Shell  inarl ;  Goniohasis  shells 1 

Shale,  dark  gray;    some  plant  fragments; 

interbedded  thin  shell  marls 29 

Limestone,  shaly,  hard 0 

Shale,    dark-brown,    hard;     carries    ostra- 
codes; low-grade  oil  shale 14       4 

Shell  marl,  limy ;  largely  ostracodes 6 

Shale,  dark  brow^n,  hard,  platy 10 

Shell  marl,  sandy;  mostly  small  pelecypods.  10 

Shale,  gray-brown;  plant  fragments 5       7 

Clay  shale,  dark  greenish  gray,  waxy 1     10 

Shale,    gray-brown,    soft,    fissile;     carries 

ostracodes  and  fragments  of  fish  teeth  __  13 

Shale,  dark  brown,  papery 3       4 

Limestone,  blue-gray,  hard,  lenticular 5 

Shale,    hard,   pale   green,    blocky    (sample 

08e-A;  4gallons) 21 

Limestone,  gray,  hard 4 

Shale,  brown,  hard,  locally  papery;    low- 
grade  oil  shale 83 

Limestone,  buff,  shaly,  hard —  5 

Shale,  brown,  hard,  platy;    some  beds  are 

low-grade  oil  shale 43 

Sandstone,  limy;  carries  Goniohasis  shells.  3 

Shale,  brown,  soft,  platy 7 

Shale,  dark  brown,  carbonaceous 10 

Sandstone,  limy,  hard 3 

Shale,  dark  brown,  hard,  platy;  low-grade 

oil  shale . 87       3 

Sandstone,  platy 10 

Shale,  greenish  brown,  soft 16 

Limestone,  sandy ;  carries  ostracodes 1 

Shale,  brown,  soft 2       6 

Shale,    yellowish    brow-n;  abundant    plant 

fragments 13 

Shale,  limy,  soft,  laminated 8 

Shale,  light  brown,  laminated;    low-grade 

oil  shale 5 

Shale,  gray,  flaky 1 

Shale,  limy,  yellow-brown,  papery,  soft  .  .  5 

Shale,  light  gray,  hard,  platy 23       6 

Limestone,  sandy,  crystalline 1       3 

Shale,  light  brown,  soft 5 

Shale,  limiy,  yellowish  gray,  soft:   traces  of 

oil .--•_ 36 

Limestone,  shaly ,  hard 4 

Shale,  gray,  flaky 2   •    1 

Sandstone,  yellow,  coarse  grained 2 

Shale,  limy,  yellow-brown,  platy 13       8 

Limestone,  sandy,  lenticular 3 

Clay  shale,  gray 5 

Shale,  limy,  light  brown,  papery,  soft 9       1- 

Limestone,  buff,  shaly,  hard 9 

Shale,  limy,  light  yellowish  brown,  papery.  _  19 

Clay  shale,  reddish  gray 30 

Alga  reef ,  calcareous ;  abundant  ostracodes.  1 

Limestone,  oolitic,  hard 3 

Shale,  limy,  yellow  brown 1       5 

Limestone,  gray,  hard 3 

Shale,  limy,  gray 2 

Clay  shale 3 


Ft.      m. 

Limestone,  buff,  shaly,  hard 1       2 

Clay  shale,  light  brown 10 

Shale,  limy,  papery,  light  brown,  soft 9       6 

Alga  reef  (?) *. 2 

Sandstone,  medium  grained _  9 

Shale,  light  brown,  laminated;  trace  of  oil.  12     10 

Sandstone,  medium  grained 4 

Limestone,  gray,  hard 8 

Clay  shale,  gray 7 

Shale,  limy,  papery 7 

Sandstone,  buff,  limy,    medium    to   coarse 

grained 2       6 

Clay  shale,  gray 3       5 

Shfile,  limy;  faint  bedding ^ 1       2 

Shale,  dark  gray,  papery;  trace  of  oil 5 

Sandstone,  buff,  medium  to  coarse  grained; 
carries  few  small  pebbles;  locally  cross- 
bedded 9       8 

Sandstone,  shaly,  blocky 5 

Sandstone,  buff,  soft,  friable,  coarse  grained  3       1 

Sandstone,  limy,  buff,  fine  grained 1       5 

Shale,  greenish,  limy 3 

Shale,  limy,  light  yellow-brown,  laminated-  22       3 

Shale,  limy,  hard,  not  laminat^jd 1 

Shale,  limy,  light  yellow,  papery 4 

Limestone,  shaly,  lenticular 2 

Shale,  sandy  and  limy;  plant  fragments 4       2 

Clay  shale,  gray 1       6 

Shale,  light  brown,  papery 18 

Clay  shale,  dark  gray 1       6 

Sandstone,  buff,  fine  grained 1 

Clay  shale,   gray;    grades    up    into    gray 

papery  shale 2       9 

Clay  shale  of  Cathedral  Bluffs  tongue  of 

Wasatch  formation.  


1,  199     11 


Locality  5.  sec.  20.  T.  8  N.,  R.  97  W. 

Top  of  bluff. 

Sandstone;    carries    Goniohasis    and    Unto 

shells. 

Shale  and  thin  sandstones 

Sandstone,  coarse  grained 

Shale  and  thin  sandstones 

Shale,  limy,  buff;  trace  of  oil 

Shale,  carbonaceous  and  clayey 

Sandstone,  fine  grained,  thin  bedded 

Shale,  carbonaceous  and  clavev i... 

Shale,  limy,  hard 

Shale,  gray,  carbonaceous  and  clayey 

Shale,  greenish;  plant  fragments. 

Limestone,  shaly,  gray 

Clay  shale,  gray 

Shale,  limy,  hard 

Shale,    light    brown,    platy;    low-grade   oil 

shale 

Clay  shale,  sandy;  contains  thin  beds  of 

coal 

Sandstone,  brown,  coarse  grained 

Shale,  black,  carbonaceous 

Shale,  limy,  soft 

Shale,  brown;  some  plant  fragments 


Ft. 

in. 

11 

10 

2 

28 

6 

5 

6 

3 

21 

8 

2 

3 

41 

6 

4 

1 

6 

2 

3 

23 

7 

16 

6 

5 

3 

1 

4 

8 
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(sample  II- 
'  86-88;  9.5 
gallons) 


Clay  shale,  gray  and  pink 

Sandstone,  gray,  hard,  platy,  thin  bedded: . 

Shale,  limy,  buff,  platy 

Shale,  limy,  buff,  hard;  trace  of  oil 

Shale,  gray;  lower  48  feet  limy;  upper  part 

low-grade  oil  shale 

Shale,  brown  to  black,  carbonaceous 

Shale,  sandy,  gray 

Sandstone,  fine  to  medium  grained 

Shale,  sandy,  hard 

Shale,  limy,  hard,  buff 

Sandstone,  gray,  fine  grained 

Shale,  sandy,  fissile _    

Shale,  carbonaceous 

Shale,  limy 

Shale,  gray,  hard;  low-grade  oil  shale 

Shale,  gray,  soft ;  trace  of  oil 

Shale,  brown,  hard;  low-grade  oil  shale 

Shale,  limy,  hard,  barren 

Shale,    brown,    laminated;    low-grade    oil 

shale 

Shale,  very  limy,  brown;  low-grade  oil  shale 

Shale,  limy,  hard,  barren 

Shale,  brown,  laminated,  hard  . 
Shale;  limy,  hard   (not  sam- 
pled)  

Shale,  brown,  laminated,  hard. 

Shale,  limy,  hard,  barren 

Shale,  gray  to  brown,  hard,  laminated;  low- 
grade  oil  shale 

Limestone,  shaly,  buflf,  hard ."^ 

Shale,  gray  to  brown,  hard,  laminated;  low- 
grade  oil  shale 

Limestone,  shaly,  buff,  hard 

Shale,  brown;  weathers  papery;  low-grade 

oil  shale 

Shale,  black,  carbonaceous 

Shell  marl,  silicified 

Sandstone,  gray,  hard,  fine  grained  . 

Shale,  platy,  silicified 

Shale,  brown,  fissile;  low-grade  oil  shale 

Shale,  silicified 

Shale,  gray,  fissile 

Shale,  limy,  hard _        

Shale,  dark  brown,  hard,  tough;  low-grade 

oil  shale 

Shale,  silicified 

Shale,  gray  to  brown;  low-grade  oil  shale 

Shale,  limy,  hard 

Shale,  dark  brown,  hard,  platy;  low-grade 

oil  shale -.      

Limestone,  silicified 

Shale,  brown  to  buff;  trace  of  oil 

Clay  shale,  greenish 

Shale,  gray,  soft 

Shale,  dark  gray,  hard;  low-grade  oil  shale _ 
Shale,  gray,  hard,  blocky ;  trace  of  oil;  inter- 
bedded  with  few  thin  hard  shaly  lime- 
stones. _ 

Shale,  gray,  papery;  limy  shale  interbedded. 

Clay  shale,  greenish ,  waxy 

Shale,  limy,  yellow,  hard 

Shale,  light  brown,  laminated 


Ft. 
12 

4 
41 

0 

()1 


9 
2 

4 
1 

3 
20 
52 
79 


in. 
4 

7 


15 


2 


9 


6 
0 
5 
6 


fj 
8 
1 
6 

6 

10 

3 


S       8 
1       6 
8 
3 


6 

2 

10 

10 
5 


3 


1 

2 

1 

2 

8 

1 

3 

7 

2 

6 

25 

4 

1 

2 

11 

5 

13 

10 

5 

14 

2 

2 

8 

S 

3 

5 


8 


4 

2 
9 


Ft.    In 

Limestone,  shaly,  hard,  buff 4 

Shale,  gray  to  buff,  hard,  platy  to  papery;  , 

some  beds  of  low-grade  oil  shale 83     6 

Shale,  dark  gray;  fragments  of  shells;  ^nll 

probably  yield  some  oil 2 

Shale,  black,  soft 8      1 

Clay  shale  (?),  soft,  yellow,  waxy 2 

Shale,  gray,  soft 4 

Limestone,  shaly,  gray,  hard 1 

Shale,  gray,  sandy  and  limy,  flaky 1      8 

Sandstone  and  sandy  shale,  thin  bedded 33     6 

Shale,  limy 27 

Sandstone,  thick  bedded  to  massive 38      4 

Shale,  limy,  platy 14     2 

Sandstone,  irregularly  thin  bedded  to  mas- 
sive  6      8 

Shale,  gray,  papery 4      4 

Sandstone  (base  of  Green  River) 11 


814     3 


Locality  6.  tiec.  3.  T.  13  N..  R.  99  W. 

[According  to  Schulti.*^) 

Top  of  bluff. 

Sandstone,  coarse  grained,  not  massive 

Sandstone,  containing  fossil  shells 

Sandstone,  coarse  grained,  thin  bedded 

Covered,  probably  sandy  shale 

Sandstone,  coarse 

Covered,  mostly  shale 

Shale,  papery,  drab,  lean 

Shale,  thin,  barren,  and  sandstone 

Shale,  drab,  thin,  lean 

Shale,  thin,  drab,  barren 

Shale,  thin,  lean 

Sandstone,  concretionary 

Shale,  thin,  lean 

Oolite  and  chert. 

Shale,  thin  bedded,  lean 

Shale,    thin    bedded;    weathers 

blue;    rich 

Shale,    gray,     sandy     (not    in- 
cluded in  sample) 

Sandstone,  yellow  (not  in- 
cluded in  sample) 

Shale,    thin    bedded;    weathers 

blue;    rich . 

Shale,  yellow,  sandy 

Shale,  papery,  lean 

Shale,  drab,  fissile 

Sandstone,  concretionary 

Shale,  drab,  papery  (over  15  gallons) 

Oolite - 

Shale,  drab,  papery  (over  15  gallons). 

Sandstone,  oolitic 

Shale,  drab,  fissile 

Sandstone,  micaceous 

Sandstone,  yellowish 

Shale,  drab;  thin  sandstone  lenses 

Sandstone,  shaly,  yellowish 


(sample  1 ; 
30  gal-< 
Ions.) 


Ft.    in. 
50 


10 
35 

8 
30 

5 
72 

3 
20 
30 

1 
14 

14     6 

2 

1     7 

1 

3 

2S 
40 
10 

1 

13 
6 

10 
4 

12     6 

1 

3 
26 

1 


"  Schultz,  A.  R.,  Oil  possibilities  in  and  around  Baxter  Basin,  in  the 
Rock  Springs  uplift,  Sweetwater  County,  Wyo.:  U.  8.  Oeol.  Survey 
Bull.  702,  p.  54, 1020. 


WASATCH   AND   GREEN   RIVER   FORMATIONS   IN   COLORADO  AND  WYOMING. 


107 


Ft.     in. 

Shale,  drab,  papery,  barren 5 

Sandstone,  shaly ,  yellowish 1       6 

Shale,  greenish  drab 37 

Cathedral  Bluffs  tongue  of  Wasatch  forma- 
tion.   

489       4 

Locality  7,  sees.  17  and  19,  T.  17  N.,  R.  106  W. 

[According  to  Winchester.-"! 

Ft.      in. 

Sandstone,  massive,  brown,  coarse  ("Tower 

sandstone"  of  Powell) 125 

Sandstone,  thin  bedded 35 

Shale,  papery,  gray 25 

Sandstone,  shaly,  gray 32 

Shale,  sandy,  lean 65 

Shale,  hard;  contains  fish  remains  (sample 

120;  14gallons) 5 

Shale,  lean 20 

Shale,  thin,  with  lenses  of  very  rich  waxy 

shale 55 

Shale,  hard 15 

Shale,  hard  (sample  119;  12  gallons) 5 

Shale,  hard,  lean 12 

Shale,  gray,  sandy 20 

Shale,*  hard,  rich  (more  than  15  gallons) 1       4 

Shale,  gray,  sandy,  thin  sandstones,  and  a 

few  1  to  3  inch  beds  of  rich  shale 90 

Shale,  hard,  thin,  medium  rich 1       6 

Shale,  barren 15 

Shale,  medium,  with  large  gypsum  crystals.  1       6 

Shale,  thin,  barren 80 

Shale,  medium,  with  gypsum  crystals 8 

Shale,  gray,  sandy 20 

Shale,  medium,  with  gypsum  crystals 1       6 

Shale,  hard,  rich  (over  15  gallons) 10 

Sandstone,  thin,  gray S 

Shale,  hard,  rich  (over  15  gallons) 10 

Shale,  gray,  sandy 17 

Shale,  hard,  rich  (over  15  gallons) .  2 

Shale,  thin,  gray,  sandy 9       2 

"  Winchester,  D.  E.,  Oil  shale  of  the  Rocky  Mountain  roKion:  I  .  S. 
Oeol.  Survey  Bull.  729,  pp.  124, 125, 1923. 


Shale,  hard,  rich  (over  15  gallons) 

Shale,  sandy 

Sandstone,  gray 

Shale,  sandy,  greenish 

Sandstone,  gray,  thin  bedded 

Shale,  sandy,  green 

Shale,  sandy,  thin  bedded,  gray 

Sandstone  and  shale,  green,  in  beds  2  feet 

thick;  sandstone  concretionary 

Shale,  sandy ,  gray ,  slope 

Sandstone,  massive,  cross-bedded,  forming 

ledge  and  capping  hill 

Shale,  forming  slope 

Sandstone,  rather  massive,  forming  ledge 

Shale,  soft,  thin,  platy,  barren 

Shale,  medium  hard,  rather  thin,  very  lean- 
Shale,  medium  hard  (sample  116;  4  gallons). 

Shale,  sandy,  lean  to  barren 

Shale,  medium  hard,  very  lean 

Shale,  lean 

Sandstone,  brown,  persistent 

Shale,  lean 

Shale,  hard  to  medium  hard  (sample  115;  9 

gallons) 

Shale,  lean  to  barren 

Shaly  sandstone,  barren 

Shale,  sandy,  forming  slope,  lean .._ 

Shale,  hard  (sample  114,  lower  4 J  feet;  11 

gallons) 

Shale,  hard  (sample  113;  10  gallons) 

Shale,  hard " 

Sandstone 1  (sample  1 12 ; 

Shale,  fairly  soft,  thin  bedded.  (  9  gallons) 

Shale,  hard 

Shale,  hard,  rich  (sample  111;  19  gallons) 

Shale,  hard,  rich  (sample  110;  19  gallons) 

Shale,  soft 

Shale,  hard,  rich 

Shale,  .soft 

Shale,  hard,  rich   .    . 


(sample  109; 
11  gallons) 


I 


Ft.    in. 

10 

118 

4 

6 

1 

27 

21 


58 
97 

5 
43 
10 
30 

4 

4 

70 
10 

4 


II 
10 


6 
8 
6 


4       6 
75± 
15 
47 


5 
5 
1 

2 
1 
5 
6 


2 


6 
3 
4 
3 
9 

4 
3 
7 
5 
6 
3 


1,360  ± 


o 
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DISCOVERY  OF  A  BALKAN  FRESH-WATER  FAUNA  IN  THE  IDAHO 

FORMATION  OF  SNAKE  RIVER  VALLEY,  IDAHO. 


By  W.  H.  Dat.l. 


In  1866  Gabb  ^  described  Melajiia  taylori  and 
lAthasia  antiqua  '^  from  a  fresh-water  deposit  on 
Snake  River,  Idaho  Territory,  on  tlie  road  from 
Fort  Boise  to  the  Owyhee  mining  country. 
Collected  by  Mr.  A.  Taylor."  lie  states  that  a 
small  bivalve,  perhaps  a  Sphaerium,  was  asso- 
ciated with  them. 

In  1870  Meek^  described  two  species  of  Sjpliae- 
rium,  one  from  Fossil  Hill,  Nev.  (included  by 
King  in  his  Truckee  group) ,  and  one  from  Castle 
Creek,  Idaho.  Both  these  species  occur  in  the 
Idaho  material,  and  the  presumption  is  strong 
that  the  two  deposits  are  of  the  same  age.  In 
1877  Meek^  redescribed  and  figured  them,  con- 
sidering their  age  as  probably  Miocene. 

In  1882  C.  A.  White  ^  added  another  spe- 
cies, Latia  daUi,  from  the  Idaho  deposits  and 
referred  the  formation  on  King's  authority  to 
the  Miocene.  King  ^  does  refer  his  Truckee 
group  to  the  Miocene,  but  on  another  page  • 
he  specifically  refers  the  Idaho  lake  beds  to  the 
Pliocene.  In  this  he  is  foUowed  by  Cope,^  who 
proposes  for  these  beds  an  ''Idaho  group," 
which  he  regards  as  of  middle  or  lower  Pliocene 
age.  As  the  moUuscan  fauna  of  the  Truckee 
formation  is  practically  the  same  as  that  of  the 
Idaho  formation,  this  conclusion  would  carr}" 
at  least  part  of  the  Truckee  into  the  PUocene 
column. 

In  1898  Lindgren  *  gave  the  name  Payette 
formation  to  plant-bearing  lake  deposits  in  the 
lower  part  of  the  Snake  River  valley,  which  he 
referred  to  the  Miocene  on  the  evidence  of  the 
flora  as  determined  bv  Knowlton,  and  stated 

T-* 

» Oabb,  W.  M.,  Paleontology  of  C^ilifornia,  vol.  2,  p.  13,  pi.  2,  figs.  21-22, 
1866. 

«  Meek,  F.  B.,  Acad.  Nat.  Sci.  Philadelphia  Proc.  for  1870,  pp.  .56-57, 
1870. 

»  Meek,  F.  B.,  U.  S.  Expl.  40th  Par.  Kept.,  vol.  4,  pt.  1,  p.  183,  pi.  16, 
figs.  17-20, 1877. 

*  White,  C.  A.,  U.  8.  Nat.  Mus.  Proc.,  vol.  5,  p.  100,  pi.  5,  figs.  17-20, 
1882. 

»  King,  Clarence,  U.  S.  Oeol.  Expl.  40th  Par.  Rept.,  vol.  1,  p.  412, 1878. 

•  Idem,  p.  440. 

»  Acad.  Nat.  Sci.  PhUadelphia  Proc.  for  1883,  pp.  153-166,  1883. 
■  U.  8.  Geol.  Survey  Eighteenth  Ann.  Kept.,  pt.  3,  p.  632, 1898 
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that  "this  formation  is  probably  not  the  same 
as  C\)pe's  Idaho  formation,  to  which  a  Plio- 
cene age  was  assigned.''  A  footnote  on  the 
same  page  records  the  later  conclusion  that  the 
Payette  and  Idaho  formations  represent  two 
successive  stages  of  the  same  lake  and  that  it  is 
not  always  easy  to  separate  the  two  formations. 

In  the  latest  publication  on  the  Payette 
formation  R.  W.  Chancy,®  who  has  revised 
and  added  to  the  flora,  concludes  that  the 
formation  is  Miocene,  and  states  that  this 
determination  from  the  flora  is  also  supported 
by  the  evidence  of  vertebrate  fossils  obtained 
by  Buwalda. 

In  a  discussion  of  Pliocene  mammalian  f  aimas 
from  the  Pacific  coast  and  Great  Basin  prov- 
inces John  C.  Merriam^®  says: 

The  Idaho  formation  is  not  as  yet  satisfactorily 
separated  from  the  Payette  Eocene  or  Miocene  and 
from  a  Miocene  or  Pliocene  stage  which  may  intervene 
between  the  Payette  and  the  Idaho.  It  is,  however, 
(luite  certain  that  there  exists  over  a  large  area  of 
southwestern  Idaho  a  formation  several  hundred  feet 
thick  wliich  may  show  evidence  of  deformation  and 
which  contains  a  fauna  of  a  stage  representing  either 
the  latest  Pliocene  or  the  earliest  Pleistocene. 

The  fresh-water  molluscan  fauna  which  is  the 
subject  of  this  paper  apparently  comes  from  the 
same  beds  tliat  yielded  the  Pliocene  or  Pleisto- 
cene vertebrate  fauna  referred  to  by  Merriam. 
The  fresh-water  deposits  in  Serbia,  Hungary, 
and  other  parts  of  southeastern  Europe  are 
sometimes  referred  to  in  the  literature  as 
Miocene  but  are  generally  called  Neogene 
without  attempting  to  discriminate  between 
Miocene  and  Pliocene  ages.  They  are  charac- 
terized by  very  numerous  species  of  the  genera 
Limiiocardlum,  Congeriay  Melanopsis,  Neritina, 
and  operculate  forms  related  to  Bythinia,  none 
of  which  occur  in  North  American  lake  beds  so 
far  as  now  known.     In  addition  they  contain  a 

»  Notes  ou  the  florji  of  thC  Payette  formation:  Am.  Jour.  Sci.,  6th  ser., 
vol.  4,  pp.  214-222,  1922. 
w  California  Univ.  Dept.  Geology  Bull.,  vol.  10,  p.  432, 1917- 

109 


110 


SHORTER  CONTRIBUTIONS  TO  GENERAL  GEOLOGY,  1923-1924. 


number  of  genera  strikingly  different  from  any 
now  living  in  the  fresh  waters  of  the  globe,  such 
as  Valenciennesiay  Velutinopsis,  Papyroiheca, 
OrygoceraSy  and  Baglivia.  There  are  also  a  few 
of  the  smaller  forms  like  Caspia  which  are  found 
living  or  represented  by  close  analogues  in  the 
Caspian  Sea  and  Lake  Baikal,  both  of  which, 
it  may  be  noted,  are  ^'  relic  ton  vSeen.'' 

The  chief  interest  of  the  present  paper  lies  in 
the  discovery  of  some  of  these  anomalous 
fresh-water  genera  in  American  lake  beds  of  the 
Idaho  formation,  together  with  one  or  two 
curious  forms  not  represented  in  Europe. 

In  1909  A.  A.  Hinkley  obtained  from  the 
wash  of  the  Panuco  River  system,  in  the  Mexi- 
can State  of  San  Luis  Potosi,  some  amnicoline 
shells  which  were  recognized  ])y  H.  A.  Pilsbry 
as  closely  related  to  some  of  the  forms  from  the 
Serbian  lake  beds,  described  by  Brusina,  and 
which  were  described  by  Pilsbry*^  under  the 
names  Emmericiella  and  Pterides.  It  is  not 
certain  that  these  bleached  specimens  represent 
living  species,  as  they  might  have  been  washed 
out  of  unconsolidated  marl. 

The  genus  Tryonia  Stimpson,  1865,  from  the 
Colorado  Desert  fossil  fauna,  is  undoubtedly 
an  American  type,  but  conchologically  many 
of  the  shells  named  Prososthenia  by  Neumayr 
in  1869,  from  the  Balkan  lake  beds,  are  almost 
identical  with  our  Tryonia^  which  ranges  from 
supposed  Miocene  deposits  in  Guatemala  to  the 
recent  fauna  of  certain  springs  in  California,  to 
which  it  has  retreated  from  the  growing 
salinity  of  the  former  Lake  Bonneville,  now 
desert. 

The  United  States  Geological  Survev  recently 
received  from  Prof.  F.  A.  Tliomson,  of  the 
Idaho  School  of  Mines,  a  piece  of  rock  collected 
by  W.  H.  Campbell  from  Castle  Creek,  Owyhee 
County,  Idaho,  and  containing  numerous  fresh- 
water shells. 

A  fine  iconography  of  the  Mollusca  of  the 
Balkan  lake  beds  was  published  by  the  late 
Spiridion  Brusina^^  in  1902,  and  an  examina- 
tion of  the  Idaho  material  showed  at  once  the 
presence  of  some  of  the  remarkable  European 
forms  hitherto  unknown  in  the  Western 
Hemisphere. 

The  matrix  consists  of  rather  large  rounded 
sand  grains  firmly  cemented  together  and  con- 

"  The  NautUus,  vol.  23,  pp.  45-49,  1909. 

"  loonographia  molluscorum  fossilium  in  Tellure  tertiaria  Hungariae, 
Croatiae,  Slavoniae,  Dalmatiae,  Bosniae,  Hertzegovinae,  Serbiae,  et  Bul- 
gariae  inventorum,  pp.  x,  30,  pi.  30,  Agram,  1902. 


taining  numerous  fresh-water  shells.  The  ma- 
trix is  so  flinty  and  the  minute  shells  so  ex- 
tremely fragile  that  several  specimens  crumbled 
during  the  attempt  to  extricate  them,  and  sub- 
sequent work  was  confined  to  the  recording  of 
such  descriptive  data  as  could  be  derived  from 
an  inspection  of  the  more  or  less  embedded 
individuals  on  the  surface  of  the  rock  specimen. 

The  interest  excited  by  this  discovery  led  to 
an  examination  of  all  the  material  in  the  col- 
lection which  had  been  obtained  from  this 
district,  some  of  which  had  been  tentatively 
reported  on  many  years  ago.  Specimens  were 
found  which  had  been  collected  during  the 
Fortieth  Parallel  Survey,  by  I.  C.  RusseU, 
G.  R.  Mansfield,  G.  H.  Eldridge  and  others, 
most  of  which  had  a  matrix  of  fine-grained 
sandstone  or  shale.  Curiously  enough,  none  of 
them  showed  any  trace  of  the  Balkan  species, 
except  one  found  near  Glenn's  Ferry,  in  the 
Snake  River  canyon,  which  contained  a  frag- 
ment now  recognizable  as  part  of  a  species  of 
Oryyoceras,  Though  fossils  were  abundant, 
they  represented  only  a  few  species  which  had 
been  described  by  Gabb,  Meek,  and  White  in 
the  publications  above  referred  to.  Taken 
altogether  the  number  of  lots  is  small,  and  their 
fossil  content  meager. 

The  condition  of  the  matrix  in  the  Thomson 
specimen  is  such  that,  while  the  generic  rela- 
tions of  most  of  the  fossils  are  determinable,  for 
many  of  them  it  is  not  practicable  to  obtain 
sufficient  data  for  specific  determination,  and 
some  of  the  shells  show  evidence  of  having  been 
worn  or  eroded  before  fossilization. 

In  enumerating  the  fossils  of  the  Balkan  type 
I  have  retained  the  nomenclature  of  Brusina, 
leaving  questions  of  s\Tionvmy,  if  any,  to  be 
determined  later. 

PELECYPODA. 

Genus  SPHAERITJM  Scopoli. 

Sphaerium  rugosam  Meek. 

Sphaeriuin  rugosum  Meek,  Acad.  Nat.  Sci.  PhUadelphia 
Proc.  for  1S70,  p.  56,  1870;  U.  S.  Geol.  Expl. 
40th  Par.  Rept.,  vol.  4,  pt.  1,  p.  182,  pi.  16, 
figs.  1,  la,  1S77. 
White,  C.  A.,  U.  S.  Nat.  Mus.  Proc,  vol.  5,  p.  100, 
pi.  5,  figs.  14-15,  1882;  U.  S.  Geol.  Survey  Third 
Ann.  Kept.,  p.  234,  pi.  32,  figs.  12-13,  1883. 

Fossil  Ilill,  Kawsoh  Mountains,  Nev.;  Meek.  Castle 
Creek,  Owyhee  County,  Idaho;  W.  H.  Campbell. 

These  specimens  are  identical  with  Meek's 
type.  His  locality  was  later  included  in  the 
State  of  Idaho. 
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Sphaerium  meeki  Dall,  n.  sp. 
Plate  XXVI,  Figure  8. 
Castle  Creek,  Idaho;  Campbell. 

A  single  valve  of  a  small  Sphaerium  was 
obtained  which  is  distinctly  different  from  the 
preceding  species.  It  is  roimdly  rectangular 
in  outline,  the  beak  nearer  the  anterior  end, 
low  and  smooth ;  sculpture  of  about  ten  cordhke 
concentric  ridges  with  subequal  interspaces, 
more  crowded  and  less  elevated  toward  the 
base;  the  valve  thin,  compressed,  the  anterior 
end  somewhat  more  bluntly  rounded  than  the 
other;  the  hinge  and  interior  obscured  by 
matrix.  Longitude  5  millimeters;  altitude  3 
millimieters.  U.  S.  Nat.  Mus.  catalog  No. 
333521. 

Sphaerium  idahoense  Meek. 

Sphaerium  idahoense  Meek,  Acad.  Nat.  Sci.  Philadel. 
phia  Proc.  for  1870,  p.  57,  1870;  U.  S.  Geol. 
Expl.  40th  Par.  Rept.,  vol.  4,  pt.  1,  p.  183,  pi.  16, 
figs.  1,  la,  1877. 
White,  C.  A.,  U.  S.  Nat.  Mus.  Proc.,  vol.  5,  p.  100, 
pi.  5,  figs.  12-13,  1882;  U.  S.  Geol.  Survey 
Third  Ann.  Rept.,  p.  34,  pi.  32,  figs.  14-15,  1883. 

Castle  Creek,  Idaho,  Meek;  also  Campbell. 

This  species  is  a  much  heavier  shell  than 
any  of  the  recent  Sphaeria  and  according  to 
Meek  has  a  sinuation  of  the  palleal  line  like  the 
old  world  Cyrenas,  while  the  recent  American 
species  have  a  simple  entire  palleal  line.  I 
have. not  been  able  to  detect  any  sinuation  in 
the  specimens  I  have  examined.  Meek  was 
imcertain  to  which  genus  to  refer  it  but 
tentatively  placed  it  in  Sphaerium.  The  shape 
is  more  Uke  Cyrena. 

GASTROPODA. 

Family  LTMNAEIDAE. 

Genus  LTMNAEA  Lamarck. 

Lymnaea?  sp. 

A  shell  having  much  the  outline  of  Lymnaea 
vetusta  Meek,  with  a  distinctly  truncate  pillar 
and  a  gyrate  internal  axis,  was  obtained  by 
G.  R.  Mansfield  from  the  Salt  Lake  formation 
m  the  N.  i  sec.  24,  T.  10  S.,  R.  43  E.,  in  Idaho. 
It  is  perhaps  not  a  Lymnaea,  but  the  form  is  so 
obscured  by  a  hard  shaly  matrix  that  a  definite 
determination  of  the  genus  is  not  practicable. 


Family  PLANORBIDAE. 

Genus  PLANORBIS  MttUer. 

Planorbis?  sp. 

Fragments  and  partial  impressions  of  shells 
which  may  be  planorboid  are  not  rare  in  the 
material  at  hand,  but  they  are  not  sufiGiciently 
well  preserved  to  distinguish  them  from  small 
or  young  specimens  of  Vorikifex. 

SubfamUy  POMPHOLIGINAE. 

Genus  VORTICIFEX  Meek. 

Vortifex  Meek,  Acad.  Nat.  Sci.  Philadelphia  Proc.  for 
1870,  p.  59;  type  Carinifex  (Vortifex)  tryoni 
Meek,  loc.  cit.,  sole  example. 

Vorticifex  tryoni  Meek. 

Carinifex    (Vortifex)    tryoni    Meek,    Acad.    Nat.    Sci. 

Philadelphia  Proc.  for  1870,  p.  59,  1870. 
Carinifex  (Vorticifex)  tryoni  Meek,  U.  S.  Geol.  Expl. 

40th  Par.  Rept.,  vol.  4,  pt.  1,  p.  188,  pi.  17,  figs. 

10,  lOa-lOc,  1877. 
White,  C.  A.,  U.  S.  Nat.  Mus.  Proc.,  vol.  6,  p.  100, 

pi.  5,  figs.  8-9,  1882. 

Fossil  Hill. 

Vortifex  y  according  to  Meek,  1877,  was  a 
typographic  error.  It  is  extremely  doubtful 
whether  this  fonrc  and  its  Pleistocene  relatives 
have  any  distinctive  characters  separating  them 
from  Pompholyx  Lea  (not  Gosse),  Pompho- 
lopsis  Call,  and  Parapholyx  Hanna. 

Generally  the  large  Carinifex  binneyi  has 
been  figured  as  typical  of  VorticifeXy  but  Meek 
did  not  originally  place  it  in  this  group,  which 
consisted  only  of  the  present  species  and  its 
varieties. 

An  examination  of  the  large  series  of  recent 
Pompholyx  in  the  National  Museum  reveals  a 
great  amount  of  variation.  Nearly  every  lot 
of  the  recent  shells  contains  a  few  more  or  less 
distinctly  unihilicate  specimens,  though  the 
typical  form  is  imperforate.  The  Pleistocene 
specimens  are  smaller,  more  solid,  and  generally 
umbilicate;  the  PUocene  ones  more  distinctly 
so.  One  must  recognize  in  this  material,  as 
with  many  other  fresh-water  gastropods,  either 
one  form  with  a  multiplicity  of  varieties  merg- 
ing into  one  another,  or  a  lot  of  species  that 
can  not  be  diagnostically  separated. 
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Genus  MEOASTSTBOPHA  Lea. 

Megasystropha  Lea,  Acad.  Nat.  Sci.  Philadelphia  Proc, 
2d  ser.,  vol.  8,  p.  5,  January,  1864.  Type, 
Platiorhis  newberryi  Lea,  1858. 

Carinifex  Binney,  W.  G.,  Smithsonian  Misc.  Coll.  No. 
143,  pt.  2,  p.  74,  September,  1865.  Type, 
Plarwrbis  newberryi  Lea,  Acad.  Nat.  Sci.  Phila- 
delphia Proc.  for  1858,  p.  41,  1858. 

December  9,  1863,  while  Mr.  W.  G.  Binney 
was  engaged  in  preparing  an  account  of  the 
land  and  fresh-water  sliells  of  the  United  States 
for  the  vSmithsonian  Institution,  desiring  the 
opinion  and  criticism  of  his  colleagues,  lie  in- 
duced Professor  Henry  to  send  out  a  set  of 
proof  sheets  (not  for  sale)  to  a  few  j)ersons  who 
were  interested  in  the  study  of  mollusks.  In 
the  preface  to  these  sheets  Professor  Henry, 
while  explaining  their  i)urpose,  remarks:  ^*As 
a  mere  proof  which  will  undoubtedly  receive 
many  corrections,  these  pages  should  not  be 
quoted  as  authority  or  referred  to  as  a  pub- 
lished work.'' 

These  proofs  were  in  page  form  printed  on 
one  side  of  the  paper,  and  on  the  eleventh  sheet 
occurs  the  absolutely  nude  name  ''Carinifex 
newberryi  Lea/'  There  was,  prior  to  the  issue 
of  this  proof,  an  Ancylus  newberryi  Lea,  1858,  a 
Planorbis  newberryi  Lea,  1858,  a  Melanin  new- 
berryi Lea,  1860,  and  a  Goniobam^  neivberryi 
Lea,  1863,  but  no  Carinifex  newberryi ^  nor  was 
there  in  the  proof  sheets  referred  to  any  indi- 
cation which  of  the  above-named  species  might 
be  intended  by  Binney 's  Cariniftx  newberryi. 

The  first  publication  of  the  genus  Carinifex 
occurred,  as  indicated  in  the  preceding  synony- 
my, in  September,  1865.  But  Lea's  name  had 
been  fully  diagnosed  and  published  in  January 
or  February,  1864.  It  would  seem  that,  under 
the  circumstances  and  according  to  the  rules, 
Megasystrophu  should  be  accepted. 

Megasystropha  binneyi  Meek. 

Carinifex  binneyi  Meek,  Aca<l.  Nat.  Sci.  Philadelphia 

Proc.  for  1870,  p.  59,  1870. 
Carinifex  {Vorticifex)  binneyi  Meek,  IJ.  S.  Geol.  Expl. 

40th  Par.  Rept.,  vol.  4,  p.  187,  pi.  17,  figs.  11, 

11a,  1877. 

Fossil  Hill. 

Meek,  in  1877,  attempted  to  make  this  species 
the  type  of  Vorticifex,  but  as  it  was  not  in- 
cluded in  the  subgenus  as  originally  proposed, 
this,  under  the  rules,  can  not  be  accepted. 

This  species  differs  from  the  typical  Megasys- 
tropha in  having  the  spire  deeply  sunken  instead  I 


of  elevated,  and  the  peripheral  edges  rounded 
instead  of  carina te.  This  gives  it  a  much  more 
planorboid  aspect.  It  may  typify  a  section 
Paradines.  PompJiolops^is  Call,  1888,  typified  by 
P.  v:liitei  Call,  may  form  another  section  for 
fossil  forms  more  turbinate,  solid,  and  umbili- 
cate  than  the  recent  type.  The  relations  of 
Clioanomplialus  Gerstfeldt,  a  recent  form  of 
Lake  Baikal,  to  the  present  group  are  in  need 
of  elucidation. 

Subfamily  PAYETTTNAE. 

Genus  PATETTIA  Dall,  n.  gen. 

Payettia  dalli  (White). 

Latia  dalli  White,  IJ.  S.  Nat.  Mus.  Proc.,  vol.  6,  p.  100, 
pi.  5,  figs.  17-20,  1882;  U.  S.  Geol.  Survey 
Third    Ann.    Rept.,  j).   45,  pi.  32,  figs.   37-40, 

1883. 

Fifty  miles  below  Salmon  Falls,  Snake  River;  White. 
Castle  Creek,  Owyhee  County,  Idaho;  Campbell.  Also 
various  other  localities  in  the  Idaho  formation. 

This  is  one  of  the  relatively  few  species  which 
appear  to  be  widely  distributed  in  the  lake-bed 
deposits. 

Though  White  recognized  the  differences  be- 
tween the  Australasian  and  Japanese  genus 
Latia  and  the  present  fossil,  he  nevertheless 
tentatively  referred  the  fossil  to  the  same  genus. 

Latia  is  a  small  fresh-water  shell,  with  a  short 
deck  from  which  a  prominent  spurlike  process 
projects.  Payettia,  on  the  other  hand,  has  a 
simple  deck  like  a  Crepidulaj  but  relatively 
smaller,  and  the  shell  grows  to  many  times  the 
size  of  Latia  and  is  thin  and  undulated.  The 
geograpliic  distance  between  the  two  faunas 
alone  would  suggest  the  probable  generic  dis- 
tinctness of  the  two  forms,  which  is  definitely 
confirmed  by  the  shell  characters.  Payettia, 
however,  is  not  represented  in  the  Balkan  fossil 
fauna. 

Family  AXCTLIDAE. 

Genus  AXCTLTJS  0.  F.  Mtlller. 

Ancylus  undulatus  Meek. 

Ancylus  undulatus  Meek,  Acad.  Nat.  Sci.  Philadelphia 
Proc.  for  1870,  p.  57,  1870:  U.  S.  Geol.  Expl. 
40th  Par.  Rept.,  vol.  4,  p.  186,  pi.  17,  figs.  12 
a-b,  1882. 
White,  i:.  S.  Geol.  Survey  Third  Ann.  Rept.,  p. 
45,  pi.  32,  figs.  10,  10a,  1883. 

Fossil  Hill. 

I  have  not  seen  this  species. 


rnOFEssinWAt,  taper  132    plate  xxvi 
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BALKAN  FRESH-WATER  FAUNA  IN  SNAKE  RIVER  VALLEY,  IDAHO. 


113 


Family  ORYGOCERATIDAE. 

Genus  ORYGOCERAS  Brusina. 

Orygoceraa  Brusina,  Beitr.  Palaontologie  Oesterr.- 
Ungarns  u.  des  Orients,  vol.  2,  p.  33,  Wien, 
1882;  Iconographia  molluscorum  fossilium,  p* 
viii,  pi.  2,  1882. 
Fischer,  Manuel  de  conchyliologie,  p.  735,  fig.  504, 
1885. 

This  extraordinary  genus,  resembling  Para- 
strophia  of  the  Caecidae  among  marine  mol- 
lusks,  but  probably  not  operculate,  is  divisible 
into  several  quite  distinct  sections.  No  type 
was  selected  by  the  author,  and  therefore  I 
select  the  example  figured  by  Fischer,  0.  cor- 
nucopide  Brusina,  as  representing  the  typical 
section. 

I.  Section  Orygoceras  (strict  sense).  Shell  tubular, 
with  a  small  spiral  apex,  straight  or  slightly  arcuate, 
cylindrical,  gradually  expanding,  sculptured  with  regu- 
larly spaced  transverse  lamellae.  Type  0.  cornucopiac 
Brusina. 

II.  Section  Ihicicornu.  Shell  longitudinally  sub- 
carinate,  with  a  dextral  twist.     Type  0.  fistula  Brusina. 

III.  Section  BovUlina.  Shell  smooth,  with  circular 
section,  more  or  less  arcuate.  Type  O.  corniculum 
Brusina. 

IV.  Section  Incilicornu.  Shell  nearly  straight,  longi- 
tudinally finely  striate,  slightly  twisted  near  the  apex. 
Type  0.  leptonema  Brusina. 

Members  of  sections  I  and  IV  have  not  3^et 
been  detected  in  America. 

Orygoceras  (Ibicicornu)  idahoense  Dall,  n.  sp. 

Plate  XXVI,  Figure  3. 
Castle  Creek,  Owyhee  County,  Idaho;  Campbell. 

Shell  minute,  nearly  straight,  except  the 
spiral  nucleus  of  about  one  whorl,  beyond 
which  the  whorl  describes  a  semicircular  arc 
equal  to  about  half  a  revolution,  beyond  which 
the  slowly  enlarging  tube  becomes  nearly 
straight;  on  the  basal  side  of  the  spire  a  low 
rounded  carina  is  initiated,  which  continues 
as  far  as  the  anterior  end  of  the  tube,  making 
about  half  a  revolution  around  it,  the  surface 
behind  it  appearing  slightly  flattened,  the  total 
aspect  indicating  a  twist  of  the  tube:  the  trans- 
verse section  of  the  otherwise  smooth  tu])e, 
except  for  the  slight  indentation  at  the  end  of 
the  carina,  being  circular.  Longitude  about  7 
millimeters;  diameter  1.5  millimeters.  U.  S. 
Nat.  Mus.  catalog  No.  333522. 

This  resembles  0.  fistula  Brusina  l)ut  is  longer 
and  has  the  apex  arched  loosely,  whereas  in  the 
Balkan  species  the  apical  part  joins  the  nearly 
straight  tube  without  an  open  arch. 


Orygoceras  (Ibicicornu)  crenalatnm  Dall,  n.  sp. 

Plate  XXVI,  Figure  4. 

The  apical  portion  and  part  of  the  succeeding 
tubular  part  of  another  species  was  found  with 
the  shell  described  above.  The  spiral  apex  is 
somewhat  less  involved,  and  the  arch  narrower; 
above  the  arch  the  periphery  of  the  tube  has 
four  or  five  prominent  transverse  crenulations ; 
the  succeeding  portion  of  the  tube,  in  addition 
to  the  chief  carina,  has  the  beginning  of  a 
feebler  second  carina  above  it  and  near  the 
periphery  of  the  tube.  The  remainder  of  the 
shell  was  buried  in  the  matrix  and  inaccessible. 
The  length  of  the  visible  portion  is  about  3 
millimeters.  U.  S.  Nat.  Mus.  catalog  No. 
333523. 

Orygoceras  (Ibicicornu)  arcuatum  Dalit  n.  sp. 

Plate  XXVI,  Figure  5. 
Castle  Creek,  with  the  preceding  species. 

Shell  minute,  smooth,  arcuate,  rather  rapidly 
enlarging,  the  spiral  part  reduced  to  a  minute 
bulb  at  the  apex  of  the  tube,  the  carina  feeble 
but  evident  and  becoming  obsolete  anteriorly; 
the  twdst  in  the  tube  well  marked.  Longitude 
7.5  millimeters;  diameter  1.7  millimeters.  U.  S. 
Nat.  Mus.  catalog  No.  333524. 

This  is  nearest  to  0.  cnemopsis  Brusina  but 
is  at  least  one-third  longer,  is  less  angular,  and 
increases  more  rapidly  in  diameter. 

Orygoceras  (Bovillina)  tuba  Dall,  n.  sp. 

Castle  Creek,  with  the  preceding  species. 

Shell  small,  smooth,  ecarinate,  the  apex 
loosely  coiled,  forming  hardly  more  than  one- 
half  of  a  revolution;  the  cross  section  of  the 
earlier  part  of  the  tube  is  slightly  compressed 
laterally  but  later  becomes  circular;  the  aper- 
ture has  its  sides  slightly  arcuately  produced, 
the  edges  receding  between  them;  there  is  no 
trace  of  a  carina,  but  a  slight  t>vist  is  percepti- 
ble. Longitude  8  millimeters;  diameter  of 
aperture  2  millimeters.  U.  S.  Nat.  Mus.  catalog 
No.  333525. 

This  is  nearest  to  0.  comwvlum  Brusina, 
which  is  only  3  millimeters  long  and  has  a  less 
even  arcuation  and  a  closely  coiled  nucleus, 
with  no  arch  to  speak  of.  A  fragment  of  0.  tuba 
on  another  piece  of  rock,  without  apex  or  aper- 
ture, is  7  millimeters  long  and  indicates  that  a 
perfectly  adult  specimen  might  reach  a  length 
of  over  10  millimeters. 
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Family  MELANnDAE. 
Genus  GONIOBASIS  Lea. 

The  forms  desciibed  below  arc  devoid  of  the 
anterior  angularity  of  the  margin  of  tlu^  aper- 
ture which  suggested  the  generic  name,  but  in 
a  large  number  of  the  recent  species  now 
referred  to  the  genus  this  feature  is  also  al)sent, 
SO  it  seems  more  probable  tliat  the  fossil  forms 
are  related  to  the  American  genus  than  to  the 
exotic  typical  Melanin ,  which  is  not  represented 
in  the  recent  American  fauna. 

Goniobasis  taylori  (Gabb). 

Plate  XXVI,  Figures  6,  9,  10. 

Mdania  taylori  Gabb,  Paleontology  of  California,  vol. 
2,  p.  13,  pi.  2,  fig.  21,  1865. 
White,  U.  S.  Nat.  Mus.  Proc,  vol.  5,  p.  100,  pi. 
5,  fig.  3,  1882;  U.  S.  Geol.  Survey  Third   Ann. 
Rept.,  pt.  3,  p.  55,  fig.  3,  1883. 
Ooniobasis  tayloriana  Pilsbry,  Nautilus,  vol.  13,  p.  66, 
1899. 

Castle  Creek,  Owyhee  County,  Idaho;  A.  Taylor, 
W.  H.  Campbell.     Near  Glenn^s  Ferry;  I.  C.  Russell. 

The  typical  0,  taylori  has  sharp  sculpture 
with  the  arcuate  axial  ridges  sharp  and  promi- 
nent, usually  with  wider  interspaces;  on  the 
last  whorl  there  are  six,  on  the  preceding  two 
whorls  three,  and  on  the  earlier  whoils  two 
sharp  spirals.  The  spire  is  elongate,  tapering 
to  an  acute  apex,  and  comprises  ten  or  twelve 
whorls.  The  earlier  ones  are  often  eroded  and 
appear  nearly  or  quite  smooth. 

A  variety  of  this  species,  more  ahundant  at 
Castle  Creek  than  the  typical  form,  has  the 
axial  sculpture  inconspicuous,  the  nodulation 
at  the  intersections  roun(h*d,  and  hehind  the 
last  whorl  all  the  whorls  of  the  spire  liave  three 
similar  spirals.  This  may  take  the  name  G. 
taylori  var.  calkith^i  (PL  XXVI,  fig.  11).  This 
was  also  collected  in  the  Snake  Kiver  canyon  1 
mile  cast  of  wSUck  Bridge,  on  the  south  side  of 
the  river,  by  F.  C.  Calkins.  L^.  S.  Nat.  Mus. 
catalog  No.  33352(3. 

Genus  MICROMELANIA  Brusina. 

Micro melania  Brusina,  Fossilo  Biunen-Mollusken  aus 
Dalmatien,  Kroatieii  unci  Slavonicn,  p.  133, 
Agram,  1S74.     Typo,  .1/.  ccrithiopfiis  Brusina. 

These  are  small  subcvlindric  shells  with 
numerous  whorls  and  well-impressed  suture. 
The  aperture  is  simple.  The  original  type  is  a 
sculptured  shell,  but  of  ten  species  figured  in 
his  Atlas,  Brusina  shows  only  one  with  pro- 
noimced  sculpture.  In  the  matrix  of  the 
material  from  Castle  Creek  there  are  a  number 


of  internal  casts  and  fragments  which  might  be 
referred  almost  indifferently  to  this  genus  or  to 
Pteridesy  but  in  no  specimen  is  the  aperture 
presented. 

Family  HTDBOBIIDAE. 
Genus  CASPIA  Dybowski. 

Caspia  Dybowski,  Mai.  Blatter,  neue  Folge,  Band  10, 
p.  34,  1SS7.  First  species  C.  baeri  Dybowski, 
p.  36,  pi.  3,  figs.  4  a-b,  which  may  be  taken  as 
the  type. 

Tliis  small  operculate  is  found  living  in  the 
Caspian  Sea,  and  numerous  species  occur  in  the 
Balkan  fresh-water  deposits.  Internal  casts 
which  might  belong  to  a  species  like  that 
(unnamed)  which  is  figured  in  Brusina's 
Atlas,  Plato  XI,  Figures  14-15,  occur  in  the 
Castle  Creek  material  but  can  not  be  positively 
identified. 

Genus  NEMATITRELLA  Sandberger. 

Nematurella  Sandberger,   Couchylien  der  Vorwelt,  p. 
575,  1874.     Sole  example,  N,  flexHabris  Sand- 
berger, p.  575,  pi.  20,  figs.  24,  24c. 
Brusina,  Atlas,  p.  viii,  pis.  9,  11,  29,  1902. 

Two  worn  specimens  from  the  Castle  Creek 
material  are  very  close  to  the  unnamed  species 
figured  in  Brusina's  Atlas,  Plate  XI,  Figure  26, 
but  are  hardly  well  enough  preserved  for 
description. 

Genus  SANDRIA  Brusina. 

Sandria  Brusina,  Atlas,  p.  ix,  pi.  9,  figs.  22-27,  1902. 
Type,  S.  kochi  Brusina,  pi.  9,  figs.  22-24. 

These    are    small   shells,    much   resembling 

minute  Bythinella.     I  have  not  been  able  to 

find  a  reference  to  the  earlier  description  of 

i\  Icochi  or  the  genus  Sandria,     Three  species 

in  a  more  or  less  imperfect  state  of  preservation 

arc  represented  in  the  Castle  Creek  material  if 

their  resemblance  to  Brusina's  figures  may  be 

trusted. 

Subfamily  LITHOGLTPHINAE. 

Genus  LITH06LYPHUS  MUhlfeldt. 

Litkoglyphus  (Miihlfeldt    MS.)    Hartmann,  in  Sturm's 
Fauna   Dcutschl.,    vol.  6,  Heft  5,   p.  57,   1821. 
Ziegler,  in   Menke,  Synops.,  p.  42,   1830.     Type, 
Paludina  naticoides  Ferussac. 

Lithoglyphus  antiquus  (Gabb). 

Plate  XXVI,  Figure  2. 

Lithasia  antiqua  Gabb,  Paleontology  of  California,  vol. 
2,  p.  13,  pi.  2,  fig.  23,  1865. 
White,  U.  S.  Nat.  Mus.  Proc,  vol.  5,  p.  100,  pi.  5, 
fig.  4,   1882;  U.  S.   Geol.  Survey  Third  Ann. 
Rept.,  pt.  3,  p.  59,  pi.  32,  fig.  4,  1883. 

This  is  one  of  the  most  widely  distributed 
and  conspicuous  members  of  the  fresh-water 
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fauna  of  the  Idaho  formation.  It  is  a  typical 
Lithoglyphus  and  the  first  genuine  member  of 
that  genus  to  be  reported  from  the  Western 
Hemisphere.  The  species  reported  by  authors 
from  South  America  in  the  Recent  fauna  belong 
to  quite  different  genera. 

Lithoglyphus  campbelli,  Dall,  n.  sp. 

Plate  XXVI,  Figure  1. 

Mouth  of  King  Hill  Creek  near  Glenn's  Ferry,  Snake 
River  canyon,  Idaho,  U.  S.  Geol.  Survey  station  3486: 
I.  C.  Russell;  very  abundant. 

Shell  small,  solid,  with  a  rather  acute  apex, 
a  pustular  nucleus,  and  about  five  well-rounded 
whorls;  suture  distinct,  the  whorl  in  front  of  it 
flattened  a  little,  giving  a  slightly  turrited 
aspect  to  the  spire;  last  whorl  much  the  larg- 
est, naticoid;  surface  smooth  except  for  incre- 
mental lines;  base  rounded,  imperforate;  aper- 
ture subovate,  simple,  the  margins  sharp,  the 
inner  and  outer  lips  connected  over  the  body 
by  a  thick  layer  of  callus.  Altitude,  11  milli- 
meters; maximum  diameter,  8  millimeters; 
aperture,  6.5  millimeters.  U.  S.  Nat.  Mus. 
catalog  No.  333527. 

Named  in  honor  of  W.  H.  Campbell,  col- 
lector of  the  Castle  Creek  material. 

Family  VALVATIDAE. 
Genus  VALVATA  0.  F.  MttUer? 

Brusina  refers  to  Valvata  a  considerable  num- 
ber of  turbinate  shells  from  the  Balkan  de- 
posits, figuring  them  on  his  Plates  XIII  and 
XIV.  In  general,  they  appear  heavier  and 
thicker  than  the  recent  shells  familiar  to  us, 
and  some  of  them  with  a  different  type  of 
sculpture  remind  one  of  the  marine  trochoid 


Machueropla xFriele.  One  such  specimen  oc- 
curs partly  embedded  in  the  Castle  Creek  ma- 
terial, the  aperture  and  base  inaccessible,  the 
upper  surface  showing  about  three  whorls  en- 
circled by  two  inconspicuous  carinae.  It  is 
probable  that  with  a  better  knowledge  of  these 
animals  a  portion  at  least  of  the  species  will 
prove  to  be  separable  from  typical  Valvata. 

Genus  APHANOTTLUS  Brusina. 

Aphanoiylus  Brusina,  Jour,  de  Conchyliologie,  vol.  41, 
pp.  179,  182,  1893.  Type,  A.  cossmanni  Bru- 
sina, op.  eit.,  p.  185;  Atlas,  p.  v,  pi.  14,  figs. 
22-27,  1902. 

These  are  minute  planorboid  shells  with  a 
closed  or  nearly  closed  umbilicus,  having  a  re- 
markable resemblance  to  the  marine  genus 
Pseudorotella  Fischer. 

Aphanotylus  whitei  Dall,  n.  sp. 

Plate  XXVI,  Figure  7. 

Castle  Creek,  Owyhee  County,  Idaho;  W.  H.  Camp- 
bell. 

Shell  minute,  of  about  two  whorls,  the  nu- 
cleus hardly  raised  above  the  flattened  spire, 
the  surface  smooth,  the  suture  inconspicuous, 
the  last  whorl  rather  rapidly  enlarging;  the 
aperture  subcircular  with  sharp-edged  margin 
and  no  lirae  internally;  base  well  rounded,  im- 
perforate. Diameter,  1.6  millimeters;  height, 
1.2  millimeters.  U.  S.  Nat.  Mus.  catalog  No. 
333528. 

Another  species,  represented  by  broken 
specimens  in  the  matrix,  has  a  raised  cord  run- 
ning spirally  in  front  of  the  suture  and  some- 
what separated  from  it.  It  is  a  larger  shell 
than  ^4.  xcMtei, 
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THE  RESUSCITATION  OF  THE  TERM  BRYN  MAWR  GRAVEL. 


By  F.  Bascom. 


In  the  course  of  geologic  and  physiographic 
work  in  eastern  Pennsylvania,  it  lias  seejned 
to  the  writer  that  the  time  was  ripe  for  the 
restriction  of  the  tenn  Brand >^vine  formation, 
now  including  presumahly  both  Pliocene*  and 
Pleistocene  gravels,  and  the  reinstatement  of 
the  old  term  Bryn  Mawr  graved  for  a  [)ortion 
of  the  divided  Brandywine.  A  brief  history 
of  the  nomenclature  and  usag(»  involvcMl  will 
show  the  grounds  for  the  choiee  of  terms. 

In  1888  the  term  *' Appcmiattox"  was  used 
by  McGee  ^  for  the  *S)lder  terrace  sedijnents," 
and  in  1891,  in  conference  with  Ililgard  -  and 
others,  McGee  correlated  these  sediments 
with  the  deposits  of  Lafayette  County,  Miss., 
which  had  been  assigned  to  the  early  Quater- 
nary and  which  were  then  called  the  '^  Lafayette 
formation. '^  Since  that  date  the  term  *' Lafay- 
ette'^  has  been  very  generally  used,  llecent 
work,  however,  has  shown  that  the  ^'Lafayette 
formation"  of  the  type  locality  in  the  Gulf 
region  is  not  Quaternary  but  of  Wilcox  Eocene 
age.  A  new  name  was  therefore  proposed  in 
1915  for  the  Atlantic  coast  deposits  l)y  Clark,'' 
who  called  them  the  Branch^vine  formation. 
from  a  type  locality  in  the  vicinity  of  Brandy- 
wine  village,  Prince  Georges  County,  Md. 
The  name  was  defined  to  cover  all  the  gravels 
that  lie  above  the  Sundc^rland  formation  at 
200  feet,  in  Maryland  reaching  an  altitude  of 
480  feet  and  having  a  width  from  northwest 
to  southeast  of  40  miles.  At  that  time  the 
Brand}^wine  formation  was  questionably  re- 
ferred to  the  Pliocene  on  the  ground  that  it 
had  suffered  extensive  erosion  and  that  its 
constituent  minerals  showed  great  decay. 
Clark  was  himself  inclined  to  think  that  the 


*  McOee,  W  J,  Three  formations  of  the  iiiiddlo  Atlantic  sloi>e:  Am. 
Jour.  Sci.,  3d  ser.,  vol.  3.5,  p.  328.  1888. 

'  Ililgard,  E.  W.,  Orange  sand,  Lagrange,  and  Appomattox:  Am. 
Geologist,  vol.  8,  pp.  12^131,  1891. 

'Clark,  W.  B.,  The  Brandywine  formation  of  the  middle  .\tlantic 
Coastal  Plain:  Am.  Jour.  Sci.,  4th  ser.,  vol.  40,  p.  499,  1915. 
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ch^posits  were  earlier  Pleistocene  rather  than 
Tertiary.  In  thus  naming  these  deposits  it 
was  the  intention  to  replace  by  a  term 
signifying  a  specific  age  and  stratigraphy 
older  terms  which  included  deposits  at  that 
time  recogniz(Ml  to  be  of  diiferent  ages.  The 
term  BrandyAvine  itself,  however,  has  in  turn 
bcM'ii  found  to  cover  deposits  of  more  than  one 
lev(4  and  a<!:e. 

In  1020,  in  the  Elk  ton- Wilmington  geologic 
folio/  the  Brandywine  formation  wasfor  the  first 
tijue  separated  into  early  (high-level)  and  late 
(low-l{»vel)    Brand>^^ine.     The   early  Brandy- 
wine  gravels    are   found    in    the   Elkton- Wil- 
mington  district   at   an   altitude  of  380  feet, 
capping  Egg  Hill  and  other  outstanding  hills 
on  the  western  border  of  the  Elkton  quadrangle. 
Tlie  late  Brandywine  gravels  lie  at  altitudes  of 
220   feet   or  more.     As   the  firm  hard  layers 
and  decojnposed  i)e])l)les  of  the  early  Brandy- 
wine gravels  indicate  a  greater  age  than  the 
Pleistocene,  ihoj  were  referred  to  the  Pliocene 
(?),  and  it  was  stated  that  the  later  gravel, 
though  j>rovisionally  included  with  the  Brandy- 
wine forjnation,  might  be  of  early  Pleistocene 
age.     The    deposit    at    the    type    locality    in 
Maryland    is    the    low-level     (200-300    feet) 
or  late  lirand^^une,  presumably  of  Pleistocene 
age,  as  Clark  was  led  to  believe;  the  high-level 
gravels     (390-480    feet)     are    presumably    of 
Pliocene  age.     Sueli  a  tune  interval  between 
the  early  and  late  gravels  as  is  now  recognized 
has  made  it  infeasible  to  treat  the  deposits  as 
a  unit.     It   is   therefore  proposed   to  restrict 
the  term  Briui(l>^vine  formation  to  the  late  or 
lower-hn^el  deposits  of  the  type  locality,  and 
to  reinstate  the  old  term  Bryn  Mawr  gravel 
for  the  early  or  high-level  deposits  of  Penn- 
sylvania,    Delaware,     and     Maryland     (Cecil 
County) . 

<  v.  S.  Geol.  Survey  Geol.  Atlas,  Elkton- WUmingti)n  folio  (No.  211) 
p.  12,  1920. 
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The  history  of  the  term  Bryn  Mawr  is  as 
follows:  Carvill  Lewis  first  proposed  the  term 
for  the  deposits  of  gravel  and  ironstone 
conglomerate  on  the  "Uphind  Terrace"  of 
eastern  Pennsylvania.  The  report  upon  these 
gravels,  whieh  was  made  to  the  Academy  of 
Natural  Sciences  of  Philadel{)hia  in  November, 
1878,  and  published  in  1880,^  contains  the 
following  descriptions: 

This  hill  is  easily  recognized  where  uncrossed  by 
creeks,  being  remarkably  straight  and  of  uniform 
height.  Being  the  first  hill  of  importance  west  of  tlic 
Delaware,  it  often  commands  a  fine  view  and  is  a 
favorite  site  for  residences. 

The  geographical  position  of  this  ancient  terrace 
may  be  more  exactly  defined  in  the  vicinity  of  Phila- 
delphia as  the  hill  which  crosses  Second  Street  Pike 
near  Foxchase  *  *  *  and  runs  north  of  Kelly- 
ville,  Clifton,  and  Morton,  to  Swarthmore  College 
and  thence  past  Village  Green  into  Delaware. 

This  hill,  which  is  api)roximately  j)arallcl  not  only 
to  the  river  [Delaware]  but  also  to  the  shore  of  the 
Atlantic  Ocean  and  the  line  of  strike  of  tlic  Cretaceous 
formations  of  New  Jersey,  forms,  as  we  have  seen,  the 
main  dividing  line  between  the  ancient  and  the  modern 
formations. 

We  shall  call  it  for  convenience  "the  I'pland 
Terrace." 

A  description  of  the  Pleistocene  clays  and 
gravels  deposited  between  the  ''Upland  Terrace^' 
and  Delaware  River  follows,  and  then  the 
report  continues: 

Upon  the  summits  of  some  of  the  highest  hills  in  the 
gneissic  region  back  of  Philadelphia,  at  a  mean  dis- 
tance of  about  9  miles  from  the  river  and  at  elevations 
of  from  325  to  450  feet  above  it,  there  are  isolated 
patches  of  an  ancient  gravel,  different  from  any  yet 
described,  to  which  we  have  given  the  provisional 
name  of  "the  Bryn  Mawr  gravel."  It  can  always  be 
recognized  by  the  presence  of  sharp  or  partially 
rounded  fragments  of  a  hard,  heavy  iron  sandstone  or 
conglomerate.  Such  fragments  are  often  covered  by 
a  brownish-black  iron  glaze.  More  than  ten  years  ago 
the  writer  noticed  in  the  soil  of  the  upper  part  of 
Gerraantown  pieces  of  this  conglomerate,  unlike  any 
known  rock,  and  it  is  only  of  late  that  its  origin  has 
been  suspected.  It  consists  of  well-rounded  j)el>bles 
of  quartzite  or  siliceous  sandstone  cemented  by  iron 
into  a  stone  w-hich  is  often  very  hard.  This  conglom- 
erate is  found  in  occasional  fragments  upon  ground 
over  300  feet  high  but  is  not  found  in  alnmdance  until 
an  elevation  of  over  400  feet  is  reached.  At  these 
highest  points  it  occurs  in  a  red  gravel  whose  pel)l)les 
are  identical  with  those  of  the  conglomerate.  *  *  * 
A  similar  tract  of  this  gravel  occurs  at  Bryn  Mawr, 
extending  from  that  place  to  near  Cooperstown.     A 

»  Lewis,  U.  C,  The  surface  geology  of  Phihuli'lphia  und  vicinity; 
Acad.  Nat.  Sci.  Philadelphia  Proc.,  vol.  32,  pp.  2,^^-272,  IH80;  .•^oe  also 
pp.  277-278,  288,  296-300. 


good  section  is  exposed  in  the  railroad  cut  below  the 
station.  From  this  locality,  so  easy  of  access  from  the 
city,  we  have  named  the  formation.  It  is  here  about 
450  feet  high  and  9  miles  from  the  river.  The  gravel  is 
10  feet  deep  and  lies  upon  a  steeply  dipping  gneiss  so 
completely  decomposed  that  it  is  as  soft  as  clay. 

At  a  later  meeting  (March,  1879)  Lewis 
reported  that  "the  Upland  Terrace  has  now 
b(H'n  traced  continuously  from  near  Trenton, 
through  Bucks,  Philadelphia,  and  Delaware 
counties  to  l)(\vond  Wilmington  in  Delaware." 
He  calls  attention  to 

the  great  development  of  the  Bryn  Mawr  gravel  in 
Delaware,  and  to  the  indications  of  its  assuming  an 
imi)ortant  position  in  the  geology  of  the  Southern. 
States.  *  *  *  Numerous  hills  in  Delaware  County 
have  been  found  to  be  capped  by  this  formation,  and  in 
nort  hern  Dehiware  it  covers  the  gneissic  hiUs  in  patches 
several  miles  long  and  comes  close  to  the  river.  *  ♦  ♦ 
This  formation  so  abundant  in  Delaware  is  thus  proved 
to  be  by  no  means  a  local  one,  and  it  is  probable  that 
it  will  be  identified  with  some  of  the  formations  g^uped 
togetlier  tinder  the  name  of  "Southern  drift."' 

It  is  plain  from  this  account  that  by  the 
"I  pland  Terrace"  was  meant  the  upland  the 
lowest  slopes  of  which  are  at  the  30Q-foot  level, 
separated  by  an  escarpment  from  the  lower  ter- 
race upon  which  lie  the  low-level  Brandywine  de- 
posits and  rising  to  the  northwest  to  the  480-foot 
level,  with  a  dominating  level  of  400  feet; 
and  that  by  the  term  Bryn  Mawr  gravel  was 
meant  the  gravel  and  ironstone  conglomerate 
capping  the  intcrstream  areas  of  this  terrace. 
The  gravels  of  the  type  localities  described 
by  Lewis  are  plainly  the  high-level  or  early 
Brandywine  gravels,  and  the  term  Bryn  Mawr 
as  used  by  L(»wis  covered  only  the  liigh-lovel 
Brandywine  dej)osits  as  they  occur  in  Penn- 
sylvania and  Di^laware.  The  term  received 
considerahle  usages  prior  to  the  introduction 
of  the  dc^signation  ''Lafayette.''  The  Second 
PeiHisylvania  Geological  Survey  referred  to 
the  Bryn  Mawr  gravel  as  Tertiary  or  Upper 
Cretaceous.  McGee  at  fii*st  regarded  it  as  of 
Columbia  age  and  later  classified  it  as  lower 
Potomac. 

The  term  Bryn  Mawr  gravel  is  here  pro- 
I)()sed  for  the  high-level  Brandywine  because 
it  has  the  claim  of  priority,  preceding  in  usage 
all  other  designations  for  the  Tertiary  deposits 
of  the  Atlantic  slope,  because  the  gravels  of  the 
type  locality  are  the  older  gravels,  and  because 

«  op.  cit.,  pp.  277-278. 
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the  400-foot  terrace,  upon  which  the  early 
Brandywine  deposits  lie,  is  so  prominent  a 
physiographic  feature  in  eastern  Pennyslvania, 
where  these  gravels  and  terraces  were  so  early 
described  and  given  a  local  name. 

The  correlation  of  the  Bryn  Mawr  formation 
with  other  Tertiary  gravels  near  the  fall  line 
depends  upon  the  origin  of  the  gravels  and  upon 
their  topography.  Whatever  origin  is  even- 
tually ascribed  to  the  high-level  Brandywine  by 
those  at  work  on  the  Tertiary  and  Pleistocene 
deposits  of  the  Atlantic  coast,  it  will  doubtless 
be  re'quired  to  explain  acceptably  all  the  high- 
level  gravels,  so  similar  are  these  deposits  and 


so  uniform  are  the  levels  upon  which  they  are 
found. 

That  these  high-level  gravels  were  originally 
deposited  in  detached  areas  is  quite  possible, 
but  their  approximate  equivalence  is  so  little 
to  be  doubted  that  until  it  is  disproved  the  less 
misleading  and  less  cumbersome  method  would 
seem  to  consist  in  the  use  of  a  single  term.  The 
logical  alternative  is  to  give  a  separate  name 
to  every  patch  of  gravel  above  the  low-level 
or  typical  Brandywine — that  is,  above  the 
300-foot  level — an  alternative  which  would 
lead  to  confusion  and  which  would  not  reflect 
the  present  state  of  our  knowledge. 
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ORIGIN  OF  THE  BOGHEAD  COALS. 


By  Reinhardt  Thiessen. 


The  bituminous  rocks  of  sedimentary  origin 
may  be  classified  roughly  under  two  main 
heads — coals  and  bituminous  shales.  In  a 
strict  sense  no  definite  line  can  be  drawn  be- 
tween these  two  groups,  because  coals  may 
insensibly  grade  into  bituminous  shales. 
Chemically  the  boghead  coals  are  preeminently 
bituminous. 

COAL. 

Coal  is  composed  in  the  main  of  the  residues 
of  the  components  of  plants.  The  residues  of 
the  ligno-cellulosic  components — that  is,  the 
woody  portions — form  the  larger  part.  With 
these  are  always  associated  in  varying  amounts 
the  residues  of  the  more  resistant  components 
and  products  of  plants,  of  which  the  resins, 
resin  waxes,  fats,  and  oils  or  their  derivatives 
are  the  most  abundant.  Besides  these,  many 
other  resistant  plant  products,  too  many  to 
enumerate,  enter  into  the  formation  of  coal. 
The  mineral  content  of  coal  is  relatively  low. 

BITUMINOUS  SHALE. 

A  shale  is  generally  defined  as  a  rock  formed 
by  the  consolidation  of  clay  mud  or  silt,  having 
a  finely  stratified,  laminated,  or  fissile  struc- 
ture. Some  sand  is  usually  mingled  with  the 
silt.  If  such  a  rock  contains  organic  matter 
and  is  dark  colored  it  is  termed  carbonaceous 
shale;  if  the  organic  matter  is  of  a  bituminous 
nature  (highly  hydrogenous)  the  rock  is  called 
bituminous  shale ;  and  if  the  rock  is  rich  enough 
in  bituminous  substances  to  yield  oil  and  gas 
in  relatively  large  amounts  on  distillation  it 
is  called  oil  shale.  The  mineral  matter  in 
bituminous  shales  may  vary  greatly;  in  oil 
shales  the  organic  matter  is  generally  less  than 
the  mineral  matter.  Rock  in  which  the  mineral 
and  organic  matter  are  approximately  in  equal 
proportions  may  be  called  cannel  slate  or 
cannel  shale;  and  rock  in  which  the  organic 


matter  is  considerably  more  abundant  than 
the  mineral  matter  is  generally  called  cannel 
coal. 

Under  bitiuninous  shales,  therefore,  are  here 
considered  all  bituminous  rocks  usually  desig- 
nated cannel  coals,  boghead  coals,  oil  shales, 
torbanite,  tasmanite,  and  cannel  ** slates." 
These  rocks  have  never  been  classified  satis- 
factorily in  accordance  with  their  genetic 
characters;  it  is  impossible  to  classify  them 
definitely  according  to  their  general  appearance 
and  physical  properties.  However,  they  may 
be  classified  definitely  and  specifically  into 
several  well-defined  groups,  according  to  their 
origin  or  the  origin  of  their  predominant  con- 
stituent or  constituents. 

The  chief  components  of  organic  shale  are 
humic  matter — that  is,  ligno-cellulosic  and 
other  matter  formed  by  the  degradation  of 
carbohydrates — resinous  matter,  spore  matter, 
cuticular  and  other  eerie  matter,  and  oil-algal 
matter.  It  contains  also  small  amounts  of 
certain  other  components  of  unknown  origin. 

According  to  their  origin,  therefore,  the 
bituminous  sedimentary  deposits  may  be 
classed  as  (1)  humic,  if  the  predominant 
organic  constituent  is  matter  derived  from  the 
degradation  of  carbohydrates — that  is,  such 
substances  as  wood,  cellulose,  lignin,  bark,  or 
suberin,  gums,  mucilage,  and  starch;  (2)  spore, 
if  the  predominant  organic  matter  is  derived 
from  spores;  (3)  eerie  or  waxy,  if  the  pre- 
dominant organic  matter  is  derived  from  the 
waxy  substances  of  plants,  including  oil  or  fat; 

(4)  resinous,  if  the  predominant  organic  matter 
is  derived  from  the  natural  resins  of  plants; 

(5)  algal,  if  the  predominant  organic  matter  is 
derived  from  oleaceous  algae,  as  in  the  boghead 
coals. 

Each  of  these  substances  is  invariably 
admixed  with  one  or  more  of  the  others  in 

121 


122 


SHORTER  CONTRIBUTIONS  TO  GENERAL  GEOLOGY,  1923-1924. 


(lifTerent  proportions.  Usually  one  predomi- 
nates, but  two  or  even  three  components  may 
be  present  in  equal  or  about  equal  proportions, 
with  others  in  less  amounts. 

THE  BOGHEAD  COALS. 

Boghead  coals  differ  little  from  any  other 
bituminous  shales  in  outward  appearance,  and 
it  is  often  difficult  if  not  impossible  to  distin- 
guish them.  They  are  close  gi-ained,  brownish 
black  to  black,  very  tough,  elastic,  and  difficult 
to  break;  usuallv  thev  break  with  a  conchoidal 
or  subconchoidal  fractun\     In  mass  thev  show 

* 

definite  layering,  but  thev  will  rarely  split  along 
definite  horizontal  planes. 

When  examined  under  the  microscope  in  tliin 
sections  boghead  coals  are  at  once  found  to 
differ  from  all  other  bituminous  shales  in  that 
they  contain  or  are  composed  largely  of  pecu- 
liar irregular  oval  yellow  bodies,  through  the 
structure  and  compositi(m  of  which  they  are 
easily  distinguishable  from  all  other  bituminous 
rocks. 

Other  names  have  been  applied  to  these  do- 
posits,  such  as  kerosene  shales,  torbanite,  tor- 
banehill  mineral,  brown  cannel  coal,  bathvilUte, 
algal  coal,  albertite,  bituminite,  parrot  coal,  and 
cannel  coal.  But  as  the  term  ^'boghead  coaP' 
has  been  most  often  used,  has  in  general  been 
so  consistently  applied  to  deposits  of  this  type 
and  is  so  thoroughly  incorporated  into  the  lit- 
erature, it  can  not  well  be  discontinued,  al- 
though it  is  not  satisfactory.  It  is  used  in 
this  paper  for  want  of  a  better  name. 

NOMENCLATURE. 

The  term  '' boghead ''  was  first  applied  to 
coal  of  this  variety  found  on  the  Boghead  es- 
tate, near  Bathgate,  Linlithgow,  Scotland.  At 
Torbane  Hill,  also  near  Bathgate,  it  was  called 
*' torbanehill  mineral"  and  ''torbanite.'^ 

''Kerosene  shale''  ^  was  first  applied  to  bog- 
head coals  by  the  oil-shale  industries  of  Mount 
Kembla,  near  Wollongong,  New  South  Wales, 
Australia,  and  became  identified  witli  the  in- 
dustries at  other  localities  and  in  other  coun- 
tries. The  term  is  still  us(mI  in  Australia. 
''Kerosene  coal"  is  a  term  used  ])v  J.  R.  M. 
Roberts(m,^  of  Scotland. 


1  Carne,  J.  K.,  Tlu*  koroscne-shiUe  (lejKisit^  of  Nt'w  South  WiUcs:  New 
South  WjiJrs  (Jeol.  Survey  Mem.,  (reol.  No.  .'i,  Dept.  Mines  and  Agr., 
1903. 

'  Kotwrtson,  J.  R.  M.,  Min.  Inst.  ScotUind  Trans.,  vol.  14,  pt.  6,  pp. 
88-n2,  1892. 


'' Wollongite^'  was  proposed  by  B.  Silliman^ 
for  the  substance  found  at  Hartley,  New  South 
Wales. 

"Petroleum-oil  cannel  coal*'  is  a  term  ap- 
plied by  John  Mackenzie*  to  the  Australian 
dej)osits. 

"Bituminite''  is  a  name  proposed  for  tor- 
banite bv  T.  S.  Traill.^ 

''Parrot  coaP'  is  a  Scotch  term  arising  from 
the  crackling  noise  produced  when  torbanite  is 
placed  in  the  fire. 

''Cannel  coal/'  a  con*uption  of  '^candle 
coal,"  was  fiiNt  applied  to  torbanite  because  of 
its  j)r()perty  of  burning  with  a  clear  flame,  like 
a  candle,  and  later  became  a  synonym  of  tor- 
banite and  boghead.  The  term  was  soon  ap- 
plied to  all  coals  of  similar  texture  and  appear- 
ance and  so  became  a  generic  instead  of  spe- 
cific term. 

"Brown  cannel"  was  later  used  by  W.  B. 
Clarke"  to  distinguish  a  boghead  from  ordi- 
nary cannel  coal. 

'Algal  coal"  was  applied  to  the  boghead 
coals  by  Bertrand  and  Renault.' 

DISCOVERY  AND  EARLY  HIST0R7. 

Torbanite  was  discovered  at  Torbane  KH, 
Linlithgowshire,  Scotland,  in  1850,  and  later 
was  found  at  Boghead,  Bathville,  Inchroos, 
and  Cappers,  all  near  Bathgate,  in  Linlithgow- 
shire. It  was  soon  found  to  be  a  substance 
exceedingly  rich  in  oily  constituents  and  on 
this  account  was  brought  into  special  indus- 
trial promhience  both  in  Europe  and  in  Amer- 
ica. It  was  about  this  time  that,  the  patents  of 
Dr.  Albert  Ge^ner^  having  been  sold  to  the 
North  American  Kerosene  Gas  Light  Co.,  kero- 
sene w^as  manufactured  from  coal  and  intro- 
duced generally  to  the  American  pubUc  This 
kerosene  or  "coal  oil"  was  objectionable  on 
account  of  its  unpleasant  odor,  and  therefore 
large  quantities  of  torbanite  were  shipped  to 
iimerica  for  the  manufacture  of  kerosene  that 
w^ould  not  have  the  odor.  This  led  to  litig^ 
tion  over  patent  rights  both  in  America  and  in 
England.     In  England  the  oil  made  from  toP- 

'  SiUinmn,  1\.,  Am.  Jour.  Soi.,  2(i  ser.,  vol.  48,  p.  85,  1869. 

*  Mackenzie.  John,  Mineral  production  of  New  South  Wale8»  1887^ 
New  South  Wales  Dept.  Mines  and  Agr.,  Annual  report  for  1887. 

»  Traill.  T.  S..  Roy.  Sw.  Edinburgh  Trans.,  vol.  21,  pp.  7-13,  1857. 

>  Clarke,  W.  B.,  Oeol.  Soc.  London  Quart.  Jour^  voL  22;  pw  4i6» 
IWIO,  and  elsewhere. 

■  Set*  footnote  18,  p.  124. 

"  CJesner,  O.  W.  (son  of  Albert  Qesner),  A  practical  treatise  on  cod^ 
pctroleiun,  and  other  distilled  oils,  1805. 
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banite  was  called  ''parafl^  oir'  and  was  used 
in  '^mineral-oil  lamps.''  The  litigation  over 
the  patent  rights  led  to  the  institution  of  a 
lawsuit  that  became  famous — that  of  Gillespie 
V.  Russel.  The  dispute  concerned  the  ques- 
tion whether  torbanite  was  coal  or  not  coal 
and  affected  the  ownership  of  the  deposits.  A 
large  number  of  scientific  men  in  Europe  were 
brought  before  the  court  to  decide  whether  the 
so-called  boghead  coal  is  coal  or  bituminous 
clay,  and  the  suit  incidentally  led  to  the  study 
of  the  origin  of  this  substance. 

Quecket  •  maintained  that  torbanehill  min- 
eral is  not  a  coal;  that  it  is  not  like  any  of  the 
combustible  substances  used  in  Great  Britain 
as  coal;  that,  although  possessing  some  of  the 
properties  of  coal,  it  is  nevertheless  a  mineral 
having  a  basis  of  clay  which  is  strongly  im- 
pregnated with  a  peculiar  combustible  sub- 
stance; and  that  any  plants  found  in  it  are 
accidental  and  have  no  more  been  concerned 
in  the  formation  of  the  mineral  than  a  fossil 
bone  in  that  of  the  rocks  in  which  it  may  be 
embedded. 

Bennett's  opinion  *®  was  that  the  torbane- 
hill mineral,  although  it  presents  essentially 
no  trace  of  vegetable  structure,  is  rich  in  bitu- 
minoid  substances — a  circumstance  explained 
by  the  fact  that  it  is  found  in  the  neighbor- 
hood of  coal,  so  that  the  bituminoid  or  resinoid 
matter  formed  in  the  partly  woody  structure 
of  the  coal  has  flowed  out,  mixed  itself  with, 
and  solidified  in  the  essentially  earthy  sub- 
stance of  the  torbanehill  mineral. 

Balfour  "  maintained  that  torbanite  was  of 
the  same  class  as  black  cannel  coal. 

OTHER  EABLT  WORK  ON  BOGHEAD  COALS. 

Redfem,"  lecturer  in  anatomy,  physiology, 
and  histology  in  the  University  of  Aberdeen, 
supported  the  plant  origin  of  the  torbanehill 
mineral  and  argued  that  it  is  like  all  other 

*  Qaecket,  John,  On  the  minute  structure  of  a  peculiar  combustible 
mineral  from  the  ooal  measures  of  Torbane  Hill,  near  Bathgate,  Lin- 
lithgowshire, Scotland,  known  in  commerce  as  Boghead  cannel  coal: 
Mlcr.  Soc.  London  Trans.,  vol.  2,  pp.  34-36,  1853. 

M  Bennett,  J.  H.,  An  investigation  into  the  structure  of  torbanehill 
mineral  and  of  various  kinds  of  coal:  Roy.  Soc.  Edinburgh  Trans., 
vol.  21,  pp.  173-185,  pis.  1-2,  1857. 

"  Balfour,  J.  II.,  On  certain  vegetable  organisms  found  in  and  from 
Fordel:  Roy.  Soc.  Edinburgh  Trans.,  vol.  21,  pp.  187-193,  1854. 

i>Redfem,  P.,  On  the  nature  of  torbanehill  and  other  varieties  of 
ooal:  Micr.  Soc.  Quart.  Jour.»  1855,  pp.  106-127. 


cannel  coals.  Speaking  of  the  yellow  bodies 
of  which  the  mineral  is  largely  composed,  he 
said  that  he  knew  of  no  other  interpretation 
except  that  they  are  produced  by  free  vege- 
table cells,  such  as  spores  or  pollen  grains,  yet 
ho  could  not  confidently  affirm  that  they  are 
such;  but  whatever  they  may  be,  they  are 
always  to  be  found  in  other  cannel  coals. 

The  kerosene  shale  in  AustraUa  was  discov- 
ered long  before  that  in  Scotland.  Probably 
the  earliest  reference  to  it  was  published  in 
Paris  in  1807,  after  the  return  of  a  French 
scientific  expedition  that  visited  Australia  in 
1802.  It  was  not  utilized,  however,  until  1865. 
David, ^^  a  professor  in  the  University  of  Syd- 
ney, New  South  Wales,  was  the  first  to  in- 
vestigate the  kerosene  shale  of  Australia  by 
the  most  advanced  methods  of  research  and 
the  first  to  propound  the  hypothesis  that  this 
shale  is  of  fresh-water  algal  origin.  The  first 
scientist,  however,  to  suggest  the  algal  origin 
of  the  very  riclily  bituminous  shales  was  T.  S. 
Ralph, ^*  who  claimed  that  the  organic  matters 
forming  tasmanite  were  algae ;  but  in  this  he 
was  incorrect,  as  tasmanite  is  described  as  a 
spore  cannel  coal.*^ 

Clarke  **  thought  that  kerosene  shale  un- 
questionably resulted  from  local  deposits  of 
resinous  wood  and  passed  gradually  into  ordi- 
nary coal.  Dixon  ^^  argued  that  the  idea  of 
resinous  origin  must  be  abandoned,  as  the 
resins  yield  aromatic  products  and  not  par- 
affins. He  also  thought  it  more  probable  that 
the  shales  came  from  oil-producing  or  wax- 
producing  plants,  most  likely  the  latter,  in 
view  of  the  considerable  yield  of  solid  par- 
affins from  the  shales. 

The  algal  theory  of  the  origin  of  the  boghead 
coals  was  most  prominently  developed  by 
Renault  and  Bertrand,  and  the  result  of  their 
investigations    ranging    over    25    years    was 

»» David,  T.  W.  E.,  Note  on  the  origin  of  kerosene  shale:  Lixmean 
Soc.  New  South  Wales  Proc.,  2d  ser.,  vol.  4,  pp.  483-500,  1889. 

>«  Ralph,  T.  S.,  Royal  Soc.  Victoria  Trans.,  1865,  p.  4;  cited  by  Came, 
J.  E.,  The  kerosene-shale  deposits  of  New  South  Wales;  New  Sooth 
Wales  Ocol.  Survey  Mem.,  Geol.  No.  3,  p.  61,  1903. 

li  Newton,  E.  T.,  On  tasmanite  and  Australian  white  coal:  Geol. 
Mag.,  vol.  2,  pp.  337-342,  1875;  New  South  Wales  Dept.  Mines  Ann. 
Rept.  1879,  p.  33. 

i«  Clarke,  W.  B.,  Industrial  progress  of  New  South  Wales,  1871,  p. 
449;  cited  by  Came,  J.  E.,  op.  cit.,  pp.  5^-61. 

>^  Dixon,  W.  A.,  Australasian  Assoc.  Adv.  Sd.  Proc.,  vo.  1,  p.  184, 
1887;  cited  by  Came,  J.  E.,  op.  cit.,  p.  61. 
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summed  up  by  Renault.  "  A  fundamental 
jelly,  a  sort  of  gelatinous  precipitate,  supposed 
to  have  existed  in  the  ancient  lakes,  pools, 
and  swamps,  is  one  of  the  chief  assumptions 
in  their  theory.  In  tliis  jelly  were  suspended 
spores,  pollen  grains,  plant  cells,  cuticles,  and 
minute  vegetable  debris,  but  paramount  were 
certain  gelosic  algae  surrounded  by  a  gelatinous 
sheath  or  matrix,  sometliing  like  the  Nostoc 
of  to-day.  Besides  these,  certain  secretive 
cells  are  supposed  to  have  been  held  in  sus- 
pension, still  presenting  in  detail  their  pro- 
toplasmic and  nuclear  contents.  The  funda- 
mental jelly  is  supposed  to  have  been  pro- 
duced by  the  action  of  microorganisms  upon 
the  organic  matter,  possibly  upon  the  algae 
themselves.  It  is  the  essential  part  of  all 
coals,  and  the  algae,  spores,  pollen  grains,  and 
other  minute  bodies  are  merely  accidental; 
one  or  another  of  these  nonessential  constitu- 
ents may  predominate,  thus  determining  the 
particular  character  of  the  coal. 

A  careful  distinction  is  therefore  drawn  by 
these  two  investigators  between  boghead  and 
cannel  coals.  In  the  boghead  coals  the 
suspended  matter  consists  chiefly  of  gelosic 
algae;  in  the  cannel  coals  it  consists  of  spores. 
Between  the  two  are  found  all  grades  of 
mixtures,  and  there  may  be  boghead  cannel 
coals  wnere  the  algae  are  more  abundant  than 
the  spores  and  cannel  bogheads  where  the 
spores  are  more  abundant  than  the  algae. 

The  size  of  the  yellow  bodies  composing  the 
boghead  coals  is  only  a  little  smaller  than  it 
must  have  been  when  living.  As  the  mass  in 
the  known  living  gelosic  algae  contains  only  a 
small  percentage  of  solid  matter,  the  remainder 
being  water,  it  seems  clear  that  such  algae 
could  not  form  the  mass  of  the  yellow  bodies 
as  found  in  the  bogheads.  In  order  to  account 
for  this  discrepancy,  the  algae  are  supposed  to 

1*  Renault,  B.,  Surquelques  microorganismes  des  combustibles  fossiles. 
Soc.  Ind.  min.  St.-Etienne  Bull.,  3d  ser.,  vol.  13,  pp.  895-1191,  1899; 
vol.  14,  456  p.,  66  figl..  30  pis.,  1900. 

See  also  Bertrand,  C.  E.,  I>€  boghead  d'Autun:  Soc.  ind.  min.  Bull., 
vol.  6,  pp.  453-506,  1892;  Bertrand.  C.  E.,  and  Renault,  B.,  Pila  bibrac- 
tetuia  et  le  boghead  d'Autun;  Soc.  hist.  nat.  Autun  Bull.,  vol.  5,  pp. 
15^253,  1892;  Bertrand,  C.  E.,  and  Renault,  B.,  Heinschia  australis  et 
premtdres  remarques  sur  la  kerosene  shale  de  la  N'ouvelle-Oalles  du 
Sud:  Boo.  hist.  nat.  Autun  Bull.,  vol.  6,  pp.  321-425,  1893;  Bertrand. 
C.  E.,  Nouvelles  remarques  sur  le  kerosene  shale  de  la  Nouvelle-Cfalles 
du  Sud:  Soc.  hist.  nat.  Autun  Bull.,  vol.  9,  pp.  193-292,  1896;  Bertrand, 
C.  E.,  Conclusions  g^n^rales  sur  les  charbons  huiniques  et  le^  charbons 
de  purlns:  Corapt.  Rend.,  vol.  127,  pp.  822-825,  1898;  Bertrand,  C.  E., 
Description  d'un  6chantillon  de  kerosene  shale  de  Megalong  Valley, 
N.  S  W.:  UxineaD  Soc  New  South  Wales  Proc.,  vol.  25,  pp.  617-649, 
1901. 


have  had  a  great  afiinity  for  bituminous 
substances  and  to  have  been  impregnated 
with  and  enriched  by  them  to  the  extent  of 
the  present  volume.  No  satisfactory  explanar 
tion  is  offered  for  the  origin  of  the  bituminous 
matter,  but  probably  it  was  produced  by  the 
decomposition  of  the  algae  themselves  through 
bacterial  activities. 

This  theory  was  widely  accepted  at  one 
time,  although  some  refuted  it,  foremost 
among  whom  was  Jeffrey,^'  who  concluded 
from  the  study  of  numerous  thin  sections 
made  from  an  abundance  of  material  that  the 
bodies  interpreted  as  algae  by  Bertrand  and 
Renault  are  not  algae  but  the  highly  sculptured 
walls  of  the  spores  of  cryptogams.  When 
sufficiently  thin  sections  of  the  bodies  in  ques- 
tion are  cut  tangcntially  through  the  sculptured 
spore  coats  the  resemblance  to  certain  algal 
structures  is  made  very  plain.  Reconstruc- 
tions made  from  serial  sections  were  thought 
to  afford  additional  evidence  of  the  true  spore 
nature  of  these  bodies  by  their  alveolar  struc- 
ture and  triradiate  markings  and  their  occur- 
rence in  tetrads.  With  reference  to  the 
larger  ''supposed  algae''  Jeffrey  does  not  make 
his  case  so  satisfactory,  presumably  owing  to 
the  distorted  condition  in  which  they  exist 
and  the  difficulty  of  interpreting  thin  sections 
of  a  larger  size.  But  he  presents  the  apparently 
reasonable  argument  that  if  those  which  are 
best  preserved  and  by  reason  of  their  size  are 
most  easily  studied  in  thin  sections  of  coal 
prove  not  to  be  of  algal  affinities,  a  similar 
conclusion  must  be  applied  to  the  remaining 
organisms,  which  either  by  their  large  size  or 
their  imperfect  condition  of  preservation  can 
not  be  satisfactorily  subjected  to  microscopic 
investigation. 

At  first  Zalessky  ^  supported  Jeffrey's  opin- 
ion, which  he  thought  was  confirmed  by  exam- 
ination of  a  preparation  of  a  siliceous  nodule 
found  in  the  boghead  of  Autun.  The  alga, 
PUa  bibrdcteriMS,  seemed  to  him  to  be  a  spore 
with  a  reticular  sculptured  surface,  and  the 
walls  of  the  supposed  cells  seemed  to  have  the 
form  of  ribs  jutting  out  on  the  surface  of  the 

I*  Jeffrey,  E.  C,  The  nature  of  some  supposed  algal  coals:  Am.  Acad. 
Arts  and  Sol.  Proc.,  vol.  46,  pp.  273-290,  pi.  1-5,  1910. 

^  Zalessky,  M.  D.,  On  the  nature  of  the  yellow  bodies  of  bo^iead, 
and  on  sapropel  of  the  Ala-Kool  Gulf  of  the  Lake  Balkash:  Com.  fkl. 
Bull.,  vol.  33,  pp.  405-507,  Petrograd,  1014;  Flore  gondvanienne du bassiii, 
de  la  Petchora,  I,  Rividre  Adzva:  Soc.  ouraliemie  amis  sci.  xiat.  BoU. 
vol.  33,  1013. 
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spores.  Studies  of  material  sent  to  him  later 
by  Bertrand  and  Combray  changed  his  opinion 
to  one  in  support  of  Renault  and  Bertrand's 
algal  theory.  In  preparations  of  these  siliceous 
boghead  samples  he  clearly  observed  the  cel- 
lular PUa  structure,  as  if  occurring  in  a  more 
or  less  natural  state  in  the  bog,  giving  good 
evidence  to  accept  that  these  cellular  bodies 
are  algae. 

As  illustrating  the  nature  and  origin  of  bog- 
head coal  Zalessky  offers  an  example  from  the 
plant  world  of  to-day  in  an  alga,  which  he  calls 
Botryococcus  hrauniij^^  growing  in  the  brackish, 
shallow  Ala-Kool  Gulf,  overgrown  with  marsh 
and  aquatic  plants,  at  the  southern  extremity 
of  Lake  Balkash,  in  Turkestan.  This  alga, 
bearing  a  considerable  amount  of  oil,  comes  to 
the  surface  of  the  water.  Zalessky  states  that 
when  these  algae  accumulate  on  the  shore,  a 
hydrogen  sulphide  fermentation  takes  place; 
and  finally,  when  in  contact  wdth  the  air,  they 
dry  and  change  from  a  dark-green  into  a  yellow- 
brown  elastic,  rubber-like  mass,  which  can  be 
easily  cut  with  a  knife.  Thin  sections  of  this 
mass  sometimes  clearly  show  the  structure  of 
the  algae,  which  much  resemble  the  bodies  in 
the  siliceous  boghead  sample  examined.  From 
this  observation  deductions  are  made  as  to  the 
origin  of  the  bogheads.  A  further  study  of 
the  habits  of  the  algae  and  their  transformation 
into  the  elastic  mass  had  not  been  made. 

Similar  conclusions^^  are  drawn  from  a  study 
of  sapropelic  substances  found  at  the  bottom 
of  Lake  Bioloe  at  Tver,  Russia,  in  a  deposit 
9  meters  thick,  said  to  be  composed  of  blue- 
green  algae,  principally  of  the  genera  Micro- 
cystis, Aplanocapsa^  Aljphanatheca,  Chroococcvs, 
Gleoiheca,  Synschococciis;  and  of  the  green 
algae  Scenedismu-s  ohliquuSj  Scenedhmus  biju- 
gains  J  and  PUurococcu.s  vulgaris. 

Later  Zalessky"  found  that  the  bituminous 
rock  of  the  ^* Lower  Silurian"  in  Pctrograd  and 
Esthonia  along  the  Baltic  coast,  called  kuker- 
site,  were  similar  in  nature  to  the  boghead 
shales  of  Autun.  The  fossil  organisms  in 
these  rocks  have  a  structure  very  similar  to 

n  Zalessky,  M.  D.,  On  the  nature  of  PUa  of  the  yellow  bodies  of  bog- 
hectd  and  on  sapropel  of  the  Ala-Kool  Gulf  of  the  Lake  Balkash:  Com. 
gtol.  Bull.,  vol.  33,  pp.  495-507,  Petrograd,  1914.  Litinsky,  L.  L., 
Balcbash-Sapropelite:  Petroleum,  vol.  17,  pp.  437-440,  1921. 

»  Zalessky,  M.  D.,  Soc.  pal^ont.  Russie  Annuairc,  vol.  1,  pp.  2^^-42, 
1016. 

^  Zalessky,  M.  D.,  Bur  le  saprop^lite  de  I'&ge  silurien  form6  par  une 
algue  cyanophyo6e:  Soc.  pal6ont.  Russie  Annuaire,  vol.  1,  pp.  25-42, 
1910. 


that  of  the  blue-green  algae  of  the  genus  Oloeo- 
capsa,  and  Zalessky  therefore  proposed  the 
name  Gloeocapsamorphn  prisca  for  them. 

Conacher^*  examined  the  oil  shale  and 
torbanite  of  England  and  Scotland  and  con- 
cluded that  they  are  derived  from  the  same 
substances  as  coal  but  that  in  the  shale  there 
has  been  a  much  larger  elimination  of  the 
woody  matter,  leaving  a  large  proportion  of 
resinous  matter  mixed  with  sand. 

In  1914  the  present  writer  ^  maintained  that 
no  algae  were  found  in  any  of  the  boghead  coals 
he  investigated,  although  many  of  the  bodies 
called  algae  by  various  investigators  were  foimd. 
Many  of  these,  however,  were  shown  to  be 
spores;  others  were  of  unknowTi  origin.  Some 
of  Renault's  illustrations  of  Reinschia,  showing 
both  cross  and  horizontal  sections,  were  cer- 
tainly those  of  spore  exines.  The  weakest 
points  in  Renault  and  Bertrand's  algal  theory, 
however,  were  those  clauses  relating  to  the 
''fundamental  jelly''  and  the  "bitiuninou^ 
affinity"  of  the  algae.  No  algae  having  the 
structure  revealed  by  the  yellow  bodies  m  the 
boghead  coals  were  known  to  the  writer,  nor 
any  that  had  as  massive  a  cell  wall  as  those  in 
the  bogheads  indicated.  Ordinary  living  algae, 
as  well  as  those  in  the  ancient  swamps  referred 
to  as  being  analogous,  contain  at  the  most  only 
a  small  quantity  of  solid  matter,  by  far  the 
largest  part  of  their  mass  being  composed  of 
water.  Also,  the  cell  walls  of  ordinary  algae 
are  of  pectic-cellulosic  nature — that  is,  they 
are  carbohydrates,  which  are  readily  attacked 
by  putrefying  organisms  and  are  quickly  de- 
composed under  ordinary  conditions.  Any 
algal  bodies  that  might  have  been  preserved  in 
the  coals  would  be  represented  by  only  an  ex- 
ceedingly tliin  residue.  Renault  and  Bertrand 
probably  also  realized  this  difficulty,  and  to 
overcome  it  they  propounded  the  hypothesis  of 
bituminous  affinity,  through  which  the  gela- 
tinous cell  walls  of  the  algae  were  supposed  to 
have  absorbed  a  certain  amount  of  bitiuninous 
substances,  to  account  for  their  solidity  and 
relative  massiveness  as  represented  by  the 
yellow  bodies  in  the  coals.  The  fundamental 
jelly  in  which  these  bodies  were  supposed  to 
have  been  suspended  has  never  been  observed 

>^  Conacber,  H.  R.,  A  study  of  oil  shales  and  torbanites:  Geol.  Soc 
Glasgow  Trans.,  vol.  16,  pt.  2,  pp.  104-192,  1917. 

*«  White,  David,  and  Thiessen,  Reinhardt,  The  origin  of  coal:  U.  S. 
Bur.  Mines  Bull.  38,  p.  277,  1914. 
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by  the  writer.  These  points — namely,  the 
structure  and  chemical  nature  of  algae  as  then 
known  and  the  unacceptability  of  the  hy- 
potheses of  bituminous  affinity  and  the  funda- 
mental jelly  as  proposed  by  Renault  and  Ber- 
trand — were  sufficient  in  the  A\Titer's  mind  to 
overthrow  the  algal  theory. 

On  the  other  hand,  the  writer  could  not  agree 
that  the  yellow  bodies  in  the  bogheads  were 
invariably  spores.  The  kerosene  shales  of  Now 
South  Wales,  the  typical  Reinschia  coals,  stood 
out  most  cleariy  as  contravening  the  theory  of 
spore  origin,  and  the  bodies  of  unknown  origin 
in  the  cannel  coal  from  the  Pottsville  of  Ken- 
tucky could  not  be  classed  as  spores.  For  this 
reason  the  boghead  and  cannel  coals  have  been 
objects  of  thought  and  investigation  from  time 
to  time.  Their  nature  and  structure  have  now 
been  fairly  well  worked  out. 

The  boghead  coals  that  have  been  studied 
were  the  kerosene  shales  from  Newnes,  New 
South  Wales;  bogheads  from  Torbanc  Hill  and 
from  Bathgate,  both  in  Scotland;  and  American 
bogheads  from  Alaska  and  from  Kiskiminetas 
Junction,  Pa. 

STRUCTURE  OF  THE  TELLOW  BODIES  COMPOSINO 
CERTAIN  BOGHEAD  COALS. 

The  organism  that  gave  rise  to  these  boghead 
coals  was  colonial — that  is,  a  number  of  indi- 
viduals were  united  into  a  larger  body.  (See 
Pis.  XXXII-XXXVII.)  In  many  places  a 
number  of  such  colonies  were  united  into  a 
larger  mass.  Some  of  the  colonies  were  ap- 
parently in  the  form  of  a  hollow  sphere. 

The  protoplasmic  or  living  part  of  the  or- 
ganism was  of  an  oval  form,  as  shown  in  thin 
sections  and  illustrated  in  Plates  XXXIII,  B: 
XXXIV,  A;  XXXV,  B:  XXXVI-XXXVIII, 
Ay  and  was  surrounded  by  a  relatively  thick 
cell  wall.  This  constituted  a  unit  cell  or 
organism.  A  considerable  number  of  these 
were  joined  together  into  spherical  bodies  or 
colonies  by  a  matrix  of  slightly  different  char- 
acter. Whatever  the  nature  of  the  cell  wall 
and  its  cementing  matrix,  they  were  resistant 
enough  to  withstand  weathering,  putrefying, 
and  oxidizing  agencies  and  the  coal-forming 
processes  so  well  as  to  retain  more  than  half  of 
their  original  volume.  Their  structure  points 
clearly  to  an  organism  other  than  spore  matter 
of  any  plant. 


THE   BOOnEAD-FORMING  ORGANISM. 

The  kind  of  organisms  that  gave  rise  to  the 
bogheads  is  clearly  represented  by  an  oil- 
bearing  organism  now  living  in  salt  lakes  and 
salt  lagoons  of  South  Austraha  and  surround- 
ing islands.  A  recent  study  of  this  organism 
has  shed  much  light  on  the  nature  of  the  yellow 
bodies  composing  the  boghead  coals  and  on  the 
formation  of  the  bogheads  themselves. 

The  exact  position  of  the  organism  in  the 
plant  kingdom,  together  with  its  life  history 
and  habits,  are  yet  unknown  and  are  still  imder 
investigation.  It  resembles  in  some  respects 
certain  of  the  blue-green  algae,  but  in  the  nature 
and  chemistry  of  the  cell  wall  it  differs  greatly 
from  the  ordinary  blue-green  algae. 

As  no  family  or  genus  group  to  which  this 
organism  could  be  assigned  is  described  in 
monographs  such  as  Engler  and  Prantl^s  '^  Die 
natiirlichen  PflanzenfamiUen^'  or  Tonics  '*Syllo- 
goge  algorium,"  a  new  name  had  to  be  found  for 
thfc  organism.  The  name  Etaeojphyton^  mean- 
ing oil  plant,  is  therefore  suggested.  As  the 
plant  examined  was  found  near  The  Coorong, 
the  specific  name  coorongiana  ia  also  proposed. 

At  the  end  of  each  winter  a  green  scum 
called  *' seepage  material"  is  formed  on  the 
lakes  and  lagoons  and  is  blown  by  the  prevail- 
ing winds  to  the  southeastern  shores.  As  the 
hot  weather  progresses  and  the  lakes  dry  up 
this  material  is  deposited  on  the  sand  of  the 
bank  and  quickly  dries  and  solidifies  into  large 
sheets  of  a  rubber-like  dark-brown  material, 
called  coorongite.  This  material  has  been  the 
object  of  much  discussion,  and  all  endeavor  to 
discover  its  origin  has  heretofore  been  unsatis- 
factory.'^ • 

Samples  of  both  the  green  seepage  material 
and  the  coorongite  were  obtained  through  the 
coiu-tesy  of  Mr.  John  ClaflFey,  of  Adelaide. 
The  organisms  are  colonial:  a  considerable 
number  of  unit  individuals  or  cells  are  asso- 
ciated into  colonies  and  form  globules  just 
visible  to  the  naked  eye.     (See  PL  XXVII,  -4.) 

^  On  account  of  the  resemblance  of  this  organism  to  forms  that  an 
often  termed  cocci  and  the  large  amount  of  oil  it  srields,  the  name 
Elaeococcvs  was  first  proposed  for  it  by  the  writer  and  has  appeared  in 
print.  But  it  was  found  that  the  term  Elaeoeoeea  had  been  applied  by 
Moritz  Hill  to  one  of  the  Euphorblaceae  found  in  Japan  and  China. 
Elaeoeoeea  ternicia.  The  name  Elaeoeoeea  therefore  has  priority  over 
Elaeococcus,  which  had  to  be  abandoned. 

"  Data  from  personal  communication  from  John  Clalley,  of  AdeUdib 
South  Australia. 
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These  colonies  may  be  either  single  or  com- 
pound; in  the  latter  type  a  number  of  single 
or  primary  colonies  are  united.  A  number  of 
colonies  may  be  coalesced  into  larger  globules 
(PL  XXVII,  ^),  or  a  larger  niunber  of  colonies 
may  in  turn  be  imited  into  a  large  mass 
(PL  XXVII,  B).  Plate  XXVIII,  A,  represents 
a  stained  colony  at  a  high  magnification,  some- 
what flattened  imder  the  cover  glass. 

The  structure  may  be  best  seen  through 
stained  thin  sections.  The  section  of  a  single 
colony,  as  on  Plate  XXVIII,  5,  shows  it  to  be 
composed  of  an  outer  zone  of  living  cells, 
usually  several  cells  deep,  irregularly  forming 
a  thick  spherical  shell.  This  shell  incloses  a 
nmriber  of  irregular  cells  of  variable  size  and 
without  protoplasmic  contents,  thus  forming 
a  central  blank  core.  Plate  XXVIII,  B,  shows 
several  colonies.  Usually  several  primary  colo- 
nies are  coalesced  into  secondary  or  compound 
colonies,  in  which  the  central  blank  cores  of 
the  primary  colonies  are  in  commimication 
with  one  another.     (See  PL  XXIX.) 

The  protoplasmic  or  living  part  of  the  cells 
is  of  an  oval  shape  and  relatively  small,  not 
over  5  microns  (0.0002  inch)  in  length  and  3 
microns  in  diameter.  No  definite  nucleus  is 
distinguishable,  but  the  whole  cell  content 
takes  up  a  nuclear  stain  and  is  shown  as  a 
granular  mass.  In  the  living  condition  it  con- 
tains chloroplasts  of  a  blue-green  color  (Pis. 
XXX,  XXXI) .  The  protoplasmic  part  is  sur- 
rounded by  a  relatively  thick  colorless  cell  wall 
of  a  clear  and  not  particularly  firm  consistency, 
which  stains  with  difficulty.  The  cell  walls  of 
the  several  individuals  are  cemented  together 
by  slightly  denser  matter  of  similar  appearance, 
which,  however,  stains  more  readily  (PL 
XXXI).  As  shown  in  Plates  XXVIII,  B,  and 
XXIX,  the  active  living  cells  are  formed 
irregularly  into  a  thick  zone,  several  to  many 
cells  deep,  inclosing  a  group  of  blank  cells  in 
the  center.  These  central  blank  cells  are  on 
the  whole  larger  but  are  more  variable  in  size, 
are  irregular  in  shape,  and  together  form  a 
looser  structiu*e  than  the  outer  living  cells 
(Pis.  XXIX,  B;  XXX;  and  XXXI,  B). 

Where  several  colonies  are  imited  into  larger 
secondary  colonies,  the  cells  at  the  jxmction 
have  eitner  lost  their  protoplasmic  contents  or 
have  been  squeezed  out  and  replaced  by  the 
central  blank  cells.  (See  PL  XXIX,  A.)  A 
colony  or  a  larger  nimaber  of  colonies  form  a 
9964*— 24t 2 


soft,  flexible,  but  not  mobile  nor  waxy  mass. 
When  they  are  placed  under  a  cover  glass  con- 
siderable pressure  is  required  to  flatten  or 
spread  them  out. 

The  cell  walls  lend  the  organisms  their 
peculiar  properties.  They  do  not  decay  or 
putrefy  when  exposed  to  the  air  in  mass  but 
congeal  into  a  rubbery,  elastic  mass,  which 
does  not  undergo  further  marked  changes  and, 
as  already  noted,  forms  the  substance  called 
coorongite.  They  are  not  composed  of  pectin, 
mucin,  pectocellulose,  or  mucocellulose,  as  in 
ordinary  algae,  but  consist  largely  of  oils  or  oily 
substances,  the  nature  of  which  is  under 
investigation. 

COORONGPrB. 

oRiom. 

There  can  be  no  doubt  that  coorongite  is 
formed  from  the  green  seepage  material  or  mass 
of  living  Elaeophyton.  When  a  mass  of  the 
green  living  organisms  is  exposed  to  the  air  it 
quickly  changes  its  color  to  a  dark  brown  or 
grayish  black  and  congeals  to  ah  elastic,  rubber- 
Uke  mass,  exactly  like  the  coorongite,  in  which 
the  colonies  and  individual  organisms  and  their 
structure  are  more  or  less  clearly  discernible, 
together  with  a  small  amount  of  extraneous 
matter,  like  sand  grains,  bits  of  plant  tissues, 
cuticles,  diatoms,  and  other  algae. 

Coorongite  as  received  from  the  field  is 
plainly  seen  to  be  composed  of  the  same 
organisms  and  contains  the  same  kind  of 
extraneous  matter.  Some  of  the  colonies  and 
individual  cells  of  the  organism  are  very  well 
preserved,  others  not  so  well;  but  even  in  the 
most  poorly  preserved  material  the  character- 
istic structure  is  still  recognizable. 

EISTOBT. 

Coorongite  was  discovered  in  1865  on  the 
shores  of  The  Coorong,  in  South  Australia.  It 
has  been  variously  known  and  described  as 
Australian  caoutchouc,  mineral  gumboge,  ela- 
terite,  elastic  bitiunen,  and  coorongite,  and  it 
has  been  the  object  of  curiosity  and  discussion 
ever  since  its  discovery.  The  discussions  have 
mostly  concerned  its  origin,  whether  mineral  or 
oi^anic,  and  they  are  so  nimierous  and  generally 
so  imauthoritative  that  it  is  impossible  to  give 
even  a  simmiary  of  the  ideas  presented. 
A  number  of  eminent  scientists,  however, 
have  investigated  coorongite  and  have  made 
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reports  on  it.  Among  these  are  Thisel  ton- 
Dyer,  "  Boodle,"  Cumming,*^  Hofer,'*  and 
Wiesner.**  An  accurate  description  of  cooron- 
gite  in  the  field  is  given  by  De  Hautpick," 
who  says: 

Coorongite  is  found  in  the  depressed  portions  of 
occasionally  submerged  sandy  plains  of  considerable 
extent  and  is  spread  upon  the  ground  chiefly  near  the 
edges  of  the  depressions  at  the  high-tide  mark.  Coo- 
rongite occurs  in  this  district  spread  over  a  great  area 
in  the  form  of  cake  lying  on  the  sand  without  any 
connection  with  the  ground  on  which  it  is  deposited. 
It  represents  undoubtedly  the  solidification  of  some 
substance  which  previously  floated  on  the  surface  of 
the  water  and  then  was  deposited  on  the  sand  and 
graduaUy  dried  up,  absorbing  and  uniting  with,  dur- 
ing the  drying  process,  all  matter  that  happened  to 
come  in  contact  with  it.  Coorongite  is  of  various 
thickness  from  an  inch  to  1  foot,  and  in  color  and  ap- 
pearance it  is  closely  akin  to  the  so-called  * 'paraffin 
dirt"  of  the  Gulf  coast  oil  fields  of  Texas  and  Louisiana. 

Coorongite  shows  a  peculiar  rubber-like  texture. 
When  moist  the  material  breaks  much  after  the  fashion 
of  "green  cheese."  Although  rubbery  under  compres- 
sion, it  does  not  resemble  rubber  in  tenacity  or  cohe- 
sion, and  in  this  respect  it  is  identical  with  its  twin, 
the  "paraffin  dirt"  of  America.  It  is  clear,  then,  that 
coorongite  is  not  a  caoutchouc,  although  in  appearance 
and  color  it  resembles  caoutchouc.  It  is  soft,  flexible, 
and  easily  cut,  clammy  to  the  touch,  yet  does  not  soil 
the  skin.  It  has  a  characteristic  "swampy"  or 
"mucky"  odor  when  wet  and  a  characteristic  odor  of 
humic  soils  when  moist.  If  the  material  is  brought  into 
suspension  in  water,  very  fine  sand  settles  out  and 
may  be  recovered  by  successive  washing  and  decanta- 
tion.  When  moist,  it  is  gelatinous  but  neither  mark- 
edly adhesive  nor  plastic.  It  is  easily  affected  by  water 
but  is  insoluble  therein.  In  thin  slips  it  burns  like  a 
taper,  melting  before  the  flame,  which  is  smoky. 

A  substance  very  similar  to  coorongite,  called 
n'hangellite,  is  found  in  Portuguese  East  -^ifrica. 
Boodle  •*  quotes  a  report  made  by  J.  Ge thing 
Hancock  as  follows: 

N'hangellite  is  an  elastic  description  of  bitumen  and 
may  be  termed  a  mineral  India  rubber.  It  is  dark 
green  in  color  and  is  lighter  than  water  and  has  prob- 
ably been  formed  in  the  oxidation  of  petroleum.  It  is 
most  prevalent  in  the  plain  to  the  north  and  northwest 
of  Lake  N'hangella  and  to  a  large  extent  may  be  de- 

*  Thlael ton-Dyer,  W.  T.,  On  a  substance  known  as  Australian 
oaoutcboac:  Jour.  Bot.,  1872,  pp.  103-106. 

>  Boodle,  L.  A.,  N'hangellite  and  coorongite:  Roy.  Bot.  Qardens, 
Kew,  Boll.  6,  pp.  149-151,  1007. 

N  Camming,  A.  C,  Coorongite,  a  South  Australian  elaterite:  Cbem. 
News,  vol.  87,  pp.  306-308, 1003. 

"  HOfer,  Hans,  Das  ErdOl  und  seine  Verwandten,  pp.  262-264,  1022. 

»  Wiesner,  Julius,  reviewed  by  Hdfer,  op.  cit. 

**  Hautpick,  E.  de,  Coorongite,  a  petroleum  product:  Australian  Min. 
Standard,  1023,  pp.  lOOO-lOOl. 

M  Boodle,  L.  A.,  N'hangellite  and  ooorongite:  Roy.  BoU  Gardens, 
Kew,  BalL  &,  pp.  14&-161, 1907. 


scribed,  as  far  as  this  neighborhood  is  concerned,  as 
peculiar  to  that  locality. 

The  n'hangellite  in  occurrence  is  generally  about 
half  an  inch  in  thickness  and  lies  in  patches  varying 
from  a  few  square  yards  to  probably  half  an  acre  in 
extent.  It  is  chiefly  found  in  long,  narrow  strips  on 
the  surface  anticlines  of  slightly  undulating  ground 
and  gives  the  impression  that  it  has  been  washed  there 
by  water,  having  largely  the  appearance  of  a  high-tide 
mark.  On  the  other  hand,  it  is  occasionally  found  in 
small  pans,  again  indicating  that  it  has  been  taken 
there  by  water  and  remained  after  the  water  had  sub- 
sided. *  "*  '^  I  made  the  most  searching  inquiries 
♦  ♦  ♦  and  was  informed  by  many  that  after  the 
rains  it  is  possible  to  see  this  deposit  gradually  collect- 
ing and  that  it  is  then  of  a  light-brown  color  and 
gelatinous  in  appearance. 

Boodle's  description  of  n'hangellite  is  as 
follows : 

Specimens  of  this  substance,  when  examined  micro- 
scopically, prove  to  consist  of  a  yellowish  matrix,  in 
which  are  embedded  diatoms,  sand  grains,  and  some- 
times sponge  spicules,  pollen  grains,  spores,  etc.;  but 
these  inclusions  are  unimportant,  forming  only  a  small 
proportion  of  the  mass.  Fungal  hyphae  are  also  pres- 
ent and  are  often  crowded  and  very  distinct  near  the 
surface  of  the  specimens,  more  sparse  and  forming  an 
irregular  reticulum  in  the  interior. 

The  yeUowish  matrix,  when  examined  in  thin  sec- 
tions under  a  high  power,  is  usually  seen  to  contain  nu- 
merous very  small  cells,  which  are  more  refractive  and 
for  the  most  part  more  colored  than  the  substance  in 
which  they  are  embedded.  The  latter  may  appear 
colorless  in  very  thin  sections,  while  the  cells  in  ques- 
tion are  yellow  or  brownish  or  pale  green.  They  are 
usually  elongated,  and  their  sectional  shape  is  elliptical 
or  pyriform,  or  circular  when  seen  in  end  view.  In 
length  they  vary  from  2  to  6  microns,  or  occasionally  8 
microns,  and  their  breadth  may  be  about  half  as  great 
or  more.  Frequently  no  definite  arrangement  can  be 
distinguished,  but  occasionally  in  favorable  places  one 
can  demonstrate  that  the  cells  are  grouped  in  colonies, 
which  appear  to  be  roughly  spherical  when  small, 
elliptical  or  botryoidal  when  large.  The  cells  are  ar- 
ranged so  that  their  length  is  radial  with  regard  to 
the  colony,  in  which  they  form  a  peripheral  layer,  one 
or  sometimes  two  or  more  cells  thick.  Their  lateral 
distance  from  one  another  is  variable  but  generally 
greater  than  their  own  diameter.  When  rather 
crowded,  they  are  sometimes  clearly  arranged  in  pairs 
or  groups  of  four.  The  substance  in  which  the  cells  are 
embedded  shows  no  structure  and  might  well  be  the 
product  of  mucilage  only.  It  is  only  here  and  there 
that  colonies  of  definite  shape  can  be  distinguished; 
the  scattered  arrangement  of  the  cells  in  other  parts  of 
the  matrix  may  be  explained  as  either  due  to  flattening 
or  distortion  of  colonies  of  similar  form  and  size,  or  to 
the  colonies  having  had  indefinite  growth,  so  that  only 
young  stages  would  show  a  regular  form. 

From  such  details  as  can  be  determined  there  seems 
to  be  no  doubt  that  the  matrix  haa  been  derived  from 
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a  gelatinous  orgaaiBin  belonging  almost  certainly  to  the 
blue-green  algae,  among  which  it  would  be  classed  un- 
der the  Chroococcaceae.  Prof.  G.  8.  West,  F.  L.  S., 
who  kindly  examined  the  organism  for  me,  agrees  that 
it  certainly  appears  to  be  a  blue-green  alga  and  com- 
pares it  with  Codosphaerium  Naeg.  but  adds  that  it  is 
not  exactly  like  anything  with  which  he  is  acquainted. 
Its  precise  determination  must  be  reserved  until  living 
material,  or  such  as  represents  early  stages  in  the  for- 
mation of  n'hangellite,  can  be  obtained.  Conversion 
into  bituminous  substance  must  imply  extensive  chem- 
ical changes  in  the  mucilage,  whereby  the  original 
characters  of  the  alga  may  have  been  altered  to  some 
extent  as  regards  the  spacing  and  form  of  the  cells. 
Changes  have  no  doubt  also  taken  place  in  the  cell 
contents;  hence  the  occasional  greenish  color  of  the 
cells  may  be  secondary  and  not  a  remnant  of  their 
original  pigment.  On  soaking  or  boiling  a  section  in 
water  the  cells  undergo  a  curious  change;  their  cavities 
become  enlarged  and  often  appear  as  though  empty, 
but  when  transferred  to  strong  glycerine  they  gradually 
regain  their  original  appearance. 

In  some  parts  of  the  specimens  the  matrix  shows  no 
structure,  but  as  the  loss  of  structure  is  often  not 
abrupt  but  preceded  by  a  transitional  boundary 
where  the  algal  cells  are  collapsed  or  indistinct,  it  is 
probable  that  the  structureless  condition  is  secondary 
and  due  to  more  destructive  changes  than  those  which 
took  place  elsewhere.  One  may  therefore  assume  that 
the  whole  of  the  matrix  represents  a  gelatinous  alga. 

This  description  tallies  very  closely  with 
that  of  coorongite. 

CHBiaCAL  PROPntTZIS. 

When  heated  in  a  tube  coorongite  will  all 
melt,  forming  a  sirupy  liquid,  which  remains 
viscous  after  cooUng.  On  distillation  it  yields 
large  quantities  of  oil. 

An  analysis  made  in  a  laboratory  of  the 
South  Australian  Government  gave  the  fol- 
lowing results: 


Analysis  of  coorongite. 

Moisture  and  volatile  substances  at  120°  C- 

Gaseous  distillates  with  acid  reaction 

Oily  distillate 

Tarry  matter  and  coke 

Mineral  matter 


0.8 
14.0 
69.2 
10.  1 

5.9 

100.0 
The  oily  distillate  was  redistilled  and  gave  a 
series  of  oils  of  varying  densities  in  the  follow- 
ing fractions: 

ResuUs  of  redistillation  of  oUy  distillate  from  coorongite. 

Fraction  at  110**  to  170°  C 6.  7 

170°  to  240°  C 27.  7 

240°  to  295°  C 25.  3 

295°  to  300°  C 27.  3 

Residue 14.  0 


100.0 


An  ultimate  analysis  gave  the  following  re- 
sults: 

Ultimate  analysis  of  coorongite. 

Moisture 0.  46 

Carbon 64.  73 

Hydrogen 11.63 

Ash 1.  79 

Fixed  carbon 1.  005 

Oxygen,  etc 20.  375 


100.00 
Analyses  made  in  the  Bureau  of  Mines  labo- 
ratory at  Pittsburgh  gave  the  following  results: 

A  nalyses  of  coorongite. 


As  re- 
ceived. 

Moisture 
free. 

Moisture 

and  ash 

free. 

Proximate  analysis: 

Moisture 

1.6 

90.  1 

2.6 

5.7 

Volatile  matter 

Fixed  carbon 

Ash 

91«5 
2.7 
5.8 

97.2 
2.8 

100.0 

100.0 

100.0 

Ultimate  analysis: 

Hydrogen 

li.  3 

73.8 

.7 

a4 
.  1 

5.7 

11.3 

75.1 

.7 

7.0 

.  1 

6.8 

12.0 

Carbon 

79.  7 

Nitrogen 

.7 

Oxygen 

7.6 

Sulphur 

.  1 

Ash 

100.0 

100.0 

100.0 

These  figures  agree  fairly  well  with  a  number 
of  determinations  made  by  other  analysts. 

Coorongite  is  partly  soluble  in  carbon  bisul- 
phide, chloroform,  ether,  and  benzol.  A  pre- 
liminary extraction  >\ith  carbon  bisulphide 
yielded  about  70  per  cent  of  soluble  matter. 
The  residue  is  of  a  tough,  leathery  consist- 
ency and  has  lost  much  of  its  elasticity.  Be- 
sides the  residue  of  the  oil  algae,  it  contains  a 
few  fragments  of  tissues  and  cuticles  of  higher 
plants,  also  mineral  matter  consisting  of  some 
diatoms  and  largely  of  sand.  The  ash  amoimts 
to  5.8  per  cent  in  the  untreated  coorongite. 
All  the  insoluble  extraneous  substances  have 
naturally  been  concentrated  in  the  residue. 
The  soluble  matter  is  in  the  form  of  thick,  vis- 
cous oil  of  a  yellow  color,  which  gradually 
turns  darker  on  exposure  to  the  air. 

Gumming  ^  carried  the  investigations  on 
the  extraction  with  carbon  bisulphide  further. 
He  obtained  24  per  cent  extract,  leaving  a  resi- 

u  Cumming,  A.  C,  Coorongite,  a  South  Australian  elaterlte:  Chem. 
News,  vol.  87,  pp.  306-308, 1903. 
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due  containing  30  to  40  per  cent  of  ash.  The 
soluble  matter  therefore  amounted  to  about  33 
per  cent  of  the  original  coorongite.  This  con- 
sisted of  a  clear  yellow,  translucent,  waxUke 
substance,  which  softened  at  35^  C.  and  was 
quite  fluid  at  42°.  It  was  readily  soluble  in 
all  proportions  in  benzene,  ether,  toluene,  chlo- 
roform, and  carbon  bisulphide.  Cumming 
was  not  able  to  saponify  it  and  therefore  con- 
cluded that  it  was  of  the  nature  of  a  mineral 
oil.  Its  composition  (C,  77.92;  H,  11.69;  O, 
10.39)  and  its  molecular  weight  correspond  to 
the  formula  (CjoHigOa. 

The  insoluble  constituent  was  an  unelastic, 
tough  substance,  which  burned  with  a  luminous 
flame,  melted  before  the  flame,  and  had  an  odor 
like  burning  fat.  It  was  saponifiable  with  alco- 
hoUc  potash.  Its  composition  (C,  64;  H,  10.52; 
O,  25.26)  and  molecular  weight  conform  to  the 
formula  CioHjgOj.  The  chemical  examination 
of  coorongite  and  the  oil  derived  from  it  has 
not  been  completed. 

CONCLUSIONS. 

The  study  of  Elaeophyton  therefore  furnishes 
proof  of  the  theory  of  the  algal  orgin  of  the 
boghead  coals.  The  plan  of  organization,  the 
structure,  and  even  the  form  and  size  of  the 
organism  agree  so  closely  with  the  correspond- 
ing character  of  the  yellow  bodies  that  con- 
stitute the  boghead  coals  as  to  leave  no  room 
for  doubt  of  their  close  biologic  relation  and 
their  similarity  in  composition.  The  chemical 
nature  of  these  organisms  is  so  resistant  to  the 
agencies  of  putrefaction  as  to  enable  them,  in 
a  favorable  enviromnent,  to  survive  the  coal- 
forming  processes  with  more  or  less  complete 
preservation  in  the  forms  found  in  the  bog- 
head coals. 

The  most  important  fact  concerning  Elaeo- 
phyton with  reference  to  the  formation  of  coo- 
rongite, in  consideration  of  the  theory  that 
boghead  coals  owe  their  origin  to  similar  or- 
ganisms, is  the  chemical  composition  of  its  cell 
wall.  The  cell  walls  in  the  living  organism  are 
composed  largely  of  oil  or  oily  substances.  No 
theory  of  chemical  changes  from  cellulosic  or 
mucous  substances  into  an  oil  or  fat  is  neces- 
sary. The  oil  is  such  in  the  living  plant. 
There  is  probably  a  slight  oxidation  of  some 
constituents  but  no  radical  change.  The  fact 
that  the  cell  walls  do  not  appear  to  putrefy 


nor  undergo  any  further  oxidation  after  the 
first  change  of  color  seems  to  account  for  the 
more  or  less  complete  preservation  of  the  or- 
ganisms in  coorongite. 

YELLOW  BODIES  OF  BOGHEAD  COALS  OOICPABED 

WITH   EI^EOIIHYTGN. 

In  the  light  of  the  structure  and  other  fea^- 
tures  of  Elaeophyton  as  above  set  forth,  we  can 
now  return  to  the  boghead  coals  and  by  com- 
parison and  analogy  get  a  more  complete  idea 
of  the  nature  and  the  structure  of  tlie  organ- 
isms that  formed  them,  and  so  of  the  nature, 
structure,  and  origin  of  the  fossil  bogheads 
themselves.  By  comparison  of  horizontal  seo- 
tioiLs  at  a  lower  magnification  the  similarity  ia 
evident.  Plate  XXXII,  B,  represents  a  hori- 
zontal section  of  the  Australian  kerosene  shale 
containing  Reinschia  australis,  and  in  compar- 
ing this  with  Plate  XXVII,  B,  showing  the 
living  Etaeophytoriy  all  magnified  at  200  diam- 
eters, the  resemblance  is  clearly  shown.  At  a 
higher  magnification,  at  which  the  cellular 
structure  is  more  definitely  brought  out,  tiiie 
similarity  is  definitely  shown  and  is  seen  to 
correspond  to  a  striking  degree.  Although 
almost  any  of  the  illustrations  will  serve,  the 
most  surprising  similarity  is  shown  in  Plate 
XXXI,  A,  representing  the  living  organism, 
and  Plate  XXXIV,  Aj  representing  a  section 
of  the  Australian  kerosene  shale.  Plate 
XXXIII,  B,  illustrating  Reinschia,  also  shows 
a  striking  resemblance. 

It  should  be  remembered  that  a  photograph 
will  not  represent  all  the  structural  features 
as  clearly  as  they  can  be  seen  directly  imder 
the  microscope,  where,  by  focusing  up  and 
down,  the  structure  may  be  followed  through- 
out. When  the  two  forms  are  thus  studied, 
and  allowances  are  made  for  the  changes 
resulting  from  coalification  processes,  no  doubt 
is  left  as  to  their  common  origin. 

The  yellow  bodies  in  the  boghead  coals  can 
now  be  interpreted  as  colonies  and  compoimds 
of  colonies,  exactly  as  in  the  living  material. 
The  smaller  yellow  bodies  represent  primary 
colonies  in  the  central  part  of  which  the  blank 
cells  may  often  be  discerned  (see  Pis.  XXXIV, 
A;  XXXV,  B;  and  XXXVI,  A);  others  are 
fusions  of  two,  three,  or  four  primary  colonies, 
in  which  also  the  blank  cells  may  be  recog- 
nized (PI.  XXXVII,  A).    Probably  most  of 


ORIGIN   OF   THE  BOGHEAD  COALS. 


131 


the  yellow  bodies  are  of  this  kind;  in  others, 
the  large  yellow  bodies,  a  large  number  of 
colonies  are  united.  The  outlines  of  the  pri- 
mary colonies  can  usually  be  distinguished  in 
the  compound  colonies,  as  in  the  living  ma- 
terial. (See  Pis.  XXXIII,  B;  XXXIV,  A; 
XXXVI,  A;  XXXVII,  B;  XXXVIII,  A.) 

The  protoplasmic  or  once  living  parts  of  the 
organisms  are  represented  by  the  darker  areas 
shown  in  the  illustrations,  most  of  them  clearly 
of  an  oval  outUne,  though  some  are  contorted 
and  disarranged.  In  thin  sections  of  the  bog- 
head coals  these  portions  are  shown  to  be  oval 
or  ovoid  sacks,  or  contorted  or  shriveled-up 
sacks  that  once  were  ovoid.  Usually  the  con- 
tents are  brown  to  dark  brown.  However,  in 
the  bogheads  from  different  localities  they 
may  vary  considerably  in  state  of  preserva- 
tion, color,  size,  form,  and  definiteness  of  out- 
line. In  the  Scotch  torbanitc  examined,  for 
example,  the  cell  contents  of  Pilay  the  yellow 
body,  are  much  lighter  in  color  and  may  even 
be  of  the  same  color  as  the  cell-wall  matter,  the 
coloring  matter  being  absent,  so  that  the  cell 
wall  is  indicated  merely  by  a  line  of  different 
refraction.  In  the  Australian  kerosene  shale 
the  colonies  of  Reinschia  are  in  many  speci- 
mens particularly  well  preserved,  and  the  sacks 
contain  much  brown  coloring  matter;  for  this 
reason  these  shales  furnish  most  favorable 
material  for  study.  Each  of  the  bro\vn  sacks 
is  surrounded  by  a  light-colored,  usually  rela- 
tively thick  wall,  which  in  turn  is  embodied 
in  a  slightly  darker  material,  the  medium 
cementing  the  cells  into  colonies.  The  oval 
sacks  with  their  surrounding  cell  walls  are 
grouped  in  a  zone  toward  the  outside.  This 
zone  may  be  two  or  more  cells  deep.  Their 
arrangement  commonly  is  irregular — that  is, 
there  is  generally  no  definite  orderly  arrange- 
ment. In  this  respect  they  are  similar  to 
the  living  form.  At  the  central  part  of  each 
of  the  multiple  colonies  is  found  a  blank 
structure — that  is,  cells  without  the  brown 
sacks.  These  undoubtedly  are  analogous  to 
the  blank  cells  of  the  living  colonies  of  Elaeo- 
phyton, 

COMPARISON  OF  THE  BOGHEAD  COALS  EXAMINED. 

In  comparing  with  one  another  the  boghead 
coals  studied  considerable  differences  in  struc- 
ture and  the  degree  of  preservation  may  be 


observed.  Many  of  these  differences  are, 
however,  possibly  due  to  extrinsic  causes  and 
are  not  differences  that  existed  in  the  organ- 
isms  themselves  when  living. 

AUSTRALIAN  BOGHEAD,  OR  *' KEROSENE  SHALE." 

The  boghead  coal  from  the  Wolgan  Valley, 
New  vSouth  Wales,  in  a  formation  of  Permian 
age,  is  compact  and  homogeneous  in  its  outer 
appearance  and  shows  but  little  stratification. 
It  is  of  a  dark  or  dull-brown  color,  breaks  with 
a  typical  conchoidal  fracture,  and  can  not  be 
made  to  spUt  along  any  particular  cleavage 
plane. 

As  seen  in  thin  sections,  the  yellow  bodies, 
the  colonies  of  Reinschia  australis,  are  somewhat 
loosely  packed.  This  'is  shown  in  Plate 
XXXII,  Ay  in  which  the  bodies  are  represented 
by  irregular,  elongated  patches  and  the  groimd- 
mass  by  the  black  areas.  There  is,  however,  a 
considerable  difference  in  this  respect  in  dif- 
ferent parts  of  the  same  sample  or  even  in  the 
same  thin  section.  The  colonies  or  yellow 
bodies  have  been  flattened  considerably,  the 
larger  ones  more  than  the  smaller  ones.  The 
ratio  of  the  larger  diameter  to  the  shorter 
averages  about  2 : 1 ;  in  the  smaller  bodies  it 
is  3:1.  Most  of  the  smaller  bodies  represent 
single  colonies;  the  larger  ones  represent  com- 
pound colonies. 

The  colonies  are  embedded  in  an  opaque, 
dirty-looking  groundmass,  which,  in  general,  is 
composed  ol  matter  produced  by  organic  degra- 
dation and  a  small  amount  of  mineral  matter. 
A  large  part  of  this  organic  matter  is  the  result 
of  degradation  of  the  yellow  bodies  themselves; 
besides  this,  bits  of  plant  tissues  and  plant 
fibers  and  remnants  of  cuticles  form  a  very  small 
part  of  it.  Spores  are  not  numerous  in  this 
boghead  but  are  invariably  present,  as  is  to  be 
expected. 

The  yellow  bodies  or  colonies  of  Reinschia  in 
this  sample  are  the  best  preserved  of  all  the 
algae  in  the  boghead  coals  examined.  There  is, 
however,  a  considerable  variation  in  their  state 
of  preservation.  In  some  the  structiu^e  is 
remarkably  well  preserved,  every  detail  of  the 
structure  of  the  organism  being  intact;  in 
others  it  is  very  obscure.  Between  these  two 
extremes  all  shades  of  preservation  may  be  ob- 
served. The  sacks — that  is,  the  once  living 
protoplasmic  contents — contain  much  brown 
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coloring  matter,  which  differentiates  them 
dearly  from  the  remainder  of  the  cell  and  also 
lends  the  section  as  a  whole  a  brown  color  imder 
the  microscope. 

BOGHEAD  COAL  (tORBANITE)  FROM  TORBANE 

HILL,  SCOTLAND. 

In  its  outward  appearance  the  sample  of  bog- 
head coal  from  Torbane  Hill,  Scotland,  re- 
sembles an  ordinary  spore  cannel  coal.  It  is 
slightly  laminated,  and  although  the  cross  and 
oblique  fracture  is  conchoidal  in  general,  it  will 
split  along  certain  horizontal  bedding  planes. 
It  represents  the  celebrated  deposit  of  torban- 
ite  found  in  the  Calciferous  sandstone  series,  of 
Mifsissippian  age. 

As  seen  in  thin  sections,  the  yellow  bodies, 
the  colonies  described  as  PUa  scotica,  are  a 
little  more  closely  packed  than  the  colonies 
in  the  Australian  shales  and  are  not  nearly 
so  much  compressed.  This  is  clearly  shown 
in  an  examination  of  the  photographs  of  the 
cross  section  reproduced  in  Plate  XXXIV,  B, 
and  in  a  comparison  with  the  horizontal  sec- 
tion in  Plate  XXXV,  A.  The  groundmass  is 
of  the  same  appearance  and  probably  of  the 
same  composition  as  that  in  the  Australian 
shales,  though  it  is  somewhat  more  opaque. 
The  sacks,  or  once  living  protoplasmic  parts  of 
the  cells,  contain  little  or  no  brown  coloring 
matter  and  hence  are  not  well  differentiated 
from  the  remainder  of  the  cell.  That  they 
are  present  is  clearly  revealed  through  a 
difference  in  refraction  of  the  cells  along  the 
borders  of  the  sacks,  although  this  may  not 
be  reproduced  distinctly  in  the  photographs ; 
yet  every  photograph  taken  shows  clear 
evidence  of  the  structure.  The  lack  of  the 
brown  coloring  matter  makes  the  sections  of  a 
much  lighter  color  than  those  of  the  Australian 
boghead.  The  algal  colonies  appear  to  have 
suffered  considerable  changes  during  the  peat 
stage  and  look  as  if  they  were  waterwom.  A 
careful  comparison  shows  that  their  general 
structure  was  very  similar  to  that  of  the 
Australian  deposit. 

Spores  are  invariably  present  in  this  coal, 
though  in  relatively  small  numbers. 

BOGHEAD    COAL    FROM     BATHGATE,     SCOTLAND. 

Only  one  small  sample  from  the  deposit  at 
Bathgate,  Scotland,  has  been  examined.  Ex- 
perience shows,  however,  that  one  section  is 


indicative  of  the  characteristics  of  a  deposit 
for  a  considerable  space  around  the  sample. 
The  material  is  from  the  Calciferous  sandstone 
series,  of  Mississippian  age. 

The  yellow  bodies  (colonies  referred  to 
PUa  scotica)  in  the  Bathgate  boghead  coal 
are  considerably  more  flattened  than  those  in 
the  Torbane  HiU  deposit  and  have  a  more 
pronounced  brownish  color.  (See  Pis. 
XXXVI,  B,  and  XXXVII,  A.)  The  em- 
bedding medium  is  of  the  same  appearance  as 
that  in  the  Torbane  Hill  boghead.  The  struc- 
ture is  much  better  preserved  than  that  in 
the  Torbane  Hill  coal  but  not  quite  as  well  as 
that  in  the  Australian  shale.  The  sacks  are 
well  preserved  and  well  differentiated  from 
the  cell  walls,  owing  to  their  dark-brown  con- 
tents. The  structure  is  very  similar  to  that 
in  the  Australian  boghead.  The  differences 
in  preservation  are  due  to  outside  influences; 
evidently  the  organisms  that  gave  rise  to  the 
deposit  at  Bathgate  and  Torbane  Hill  were 
very  similar  to  those  in  the  Australian  deposits, 
to  which  they  are  most  clearly  related. 

BOGHEAD  COAL  FROM  ALASKA* 

In  outward  appearance  the  Alaskan  bog- 
head, according  to  the  one  sample  on  hand,  is 
very  similar  to  an  ordinary  cannel  coal.  This 
sample  came  from  a  district  drained  by  Colville 
River;  the  exact  locality  and  the  geologic 
age  of  the  beds  are  not  known.  It  is  compact 
and  dark  grayish  black.  When  examined  at 
a  low  magnification  (200  diameters),  it  presents 
the  same  general  appearance  as  the  boghead 
coals  from  Scotland  and  Australia  and  at 
once  gives  the  impression  that  it  is  of  the  same 
kind.  (See  Pis.  XXXVIII,  B,  and  XXXIX,  A.) 
But  under  a  higher  magnification  it  presents 
a  marked  difference,  and  offhand  it  gives  the 
appearance  of  not  belonging  to  the  same  kind 
at  all.  The  yellow  bodies  on  the  whole  are 
somewhat  smaller  than  in  the  samples  pre- 
viously described,  the  large  majority  have  no 
brown  coloring  matter  in  the  sacks,  and  they 
reveal  no  definite  structure  or  only  a  faint 
structure.  But  a  careful  survey  of  the  sec- 
tions, both  horizontal  and  cross,  discloses 
here  and  there  yellow  bodies  whose  structure 
has  been  well  preserved  and  whose  entire 
organization  may  be  reconstructed.  These 
show  that  the  general  structm'e  is  similar  to 
that  in  the  Australian  boghead  coal;  if  not  the 
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same,  and  that  they  must  have  been  derived 
from  an  organism  of  the  same  nature  as  that 
which  gave  rise  to  that  coal.  Between  those 
that  are  well  preserved  and  those  in  which 
little  or  no  structure  has  been  retained  all 
grades  of  transition  are  found;  and  as  the 
general  appearance,  nature,  and  form  of  all 
the  yellow  bodies  are  the  same,  it  must  be 
concluded  that  all  were  derived  from  the  same 
source. 

The  alga  characterizing  the  Alaska  boghead 
is  almost  certainly  of  the  same  nature  and  is 
probably  closely  related  to  those  forming  the 
yellow  bodies  in  the  other  boghead  coals  here 
described,  as  well  as  the  living  Elaeophyton. 

BOGHEAD  COALS  OF  THE  KISKIMINETAS  REGION, 

PENNSYLVAN/A. 

The  boghead  coal  at  Kiskiminetas  Junction, 
Pa.,  in  the  region  where  Kiskiminetas  River 
joins  Allegheny  River,  is  found  in  a  thin  bed, 
not  more  than  2  feet  in  thickness,  in  the  lime- 
stone between  the  Upper  and  Lower  Freeport 
coals,  in  the  Allegheny  formation,  of  Penn- 
sylvanian  age.  It  begins  with  an  ordinary 
shale  at  the  bottom,  which  quickly  changes 
into  a  bituminous  ^' slate"  and  then  within  a 
few  inches  into  a  rich  boghead  coal.  It  much 
resembles  a  bituminous  shale  throughout  its 
thickness.  (See  PI.  XXXIX,  5.)  It  is  lami- 
nated and  will  split  horizontally  along  certain 
bedding  planes. 

In  thin  sections  its  resemblance  to  the  other 
boghead  coals  is  at  once  apparent.  The 
yellow  bodies  are,  on  the  whole,  of  the  same 
size  as  those  in  the  Alaskan  boghead  but 
smaller  than  those  in  the  Scotch  and  Australian 
samples.  In  general  form  and  appearance  the 
yellow  bodies  (PI.  XL,  A)  are  the  same  as 
those  in  the  other  bogheads,  but  on  comparison 
of  the  minute  structure  they  are  found  to 
differ  markedly,  showing  very  little  organized 
structure  or  none  at  all.  Here  and  there  the 
microscopist  may  imagine  that  he  recognizes 
the  brown  sacks,  but  in  the  last  analysis  tliere 
is  no  positive  proof  of  them.  If  conclusions 
were  to  be  based  upon  the  structure  of  the 
bodies  in  this  coal  alone,  they  would  be  rele- 
gated at  once  to  the  category  of  the  unknown ; 
but  in  looking  over  the  bogheads  from  different 
places  and  considering  the  varying  state  of 
preservation  of  the  structure,  a  continuous 
series  can  be  constructed — at  one  end  those 


in  which  the  structure  is  perfectly  preserved, 
gradually  and  imperceptibly  grading  into  those 
at  the  other  end,  in  which  no  structure  is 
observable,  the  same  or  very  similar  general 
form,  color,  and  nature  being  maintained 
throughout  the  series.  Such  a  result  gives 
strong  support  to  the  reasoning  that  the  whole 
series  is  of  the  same  origin.  Such  a  series 
comprises  the  Australian  bogheads,  with  the 
structure  in  a  perfect  state  of  preservation,  at 
one  end,  and  the  Pennsylvanian  bogheads, 
with  no  structure  preserved,  at  the  other.  In 
this  light,  until  further  evidence  is  foimd  to 
the  contrary,  it  may  be  assumed  that  the  de- 
posit at  Kiskiminetas  Junction  is  of  the  oil- 
algal  origin  and  a  true  boghead  coal. 

« 

CANNEL  COAL  FROM  TAPPER  POTTSVILLE  FOR- 
MATIONS IN  WESTERN  PENNSYLVANLL  AND 
EASTERN    KENTUCKY. 

Samples  of  cannel  coal  from  the  upper  Potts- 
ville  at  Lesley,  near  Paintsville,  Ky.,  were  also 
examined.  The  bed  at  Lesley  is  approxi- 
mately 5  feet  9  inches  thick.  At  the  bottom 
is  a  layer  of  ordinary  bituminous  coal  about 
2J^  inches  thick,  changing  soon  into  cannel 
coal,  which  continues  to  the  top,  with  the 
exception  of  a  4-inch  layer  of  stratified  bitu- 
minous coal  in  the  middle  of  the  bed.  The 
bod  has  a  roof  of  rather  gritty  gray  shale  con- 
taining carbonized  plant  remnants  and  residues. 

The  cannel  is  black  and  tough  and  cleaves 
in  slabs  of  varying  thickness;  but  the  cross  and 
oblique  fractures  are  distinctly  conchoidal. 
The  cannel  is  really  a  spore  cannel  coal,  be- 
cause by  far  the  larger  part  of  the  organic 
matter  consists  of  spore  matter.  Spore  exines 
of  a  number  of  different  kinds,  both  micro- 
spores and  megaspores,  enter  into  its  composi- 
tion. Much  macerated  spore  matter  and  some 
cuticular  matter  are  observed  in  the  groimd 


30 


mass. 

jVmong  the  spore  exines  are  peculiar  yellow 
bodies  in  varying  amounts,  resembling  those 
of  the  boghead  coals  in  certain  respects.  No 
definite  organized  structure,  however,  can  be 
discerned  in  them.  These  bodies  have  been 
described  by  the  wTiter^®  as  follov/s: 

The  coal  contains  interesting  objects  that  are  very 
abundant  in  certain  strata,  where  they  constitute  more 

^  White,  David,  and  Thiessen,  Reinhardt,  The  origin  of  coal:  Bar. 
Mines  Bull.  38,  p.  253, 1914. 
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than  half  of  the  bulk.  In  other  strata  they  are  com- 
paratively rare.  On  the  whole,  they  constitute  only 
a  small  proportion  of  the  total  mass.  They  are  in 
general  appearance  distinctly  similar  to  Renault's 
genus  Pila  of  his  supposed  algae. 

These  bodies  vary  greatly  in  size,  ranging  roughly 
from  30  to  175  microns  in  diameter.  In  color  they  are 
almost  of  a  paraffin-white,  which  in  thicker  sections 
becomes  a  light  brass-yellow.  Their  form  is  roughly 
oval,  with  an  irregular  outline.  This  irregularity 
consists  of  processes,  often  pseudapoda-like,  and 
irregular  cavities  or  depressions,  reaching  often  to  the 
center  or  even  through  the  body. 

The  structure  of  these  bodia^  is,  in  fact,  so 
UTegular  that  an  adequate  description  of  it  is 
difficult.  It  is  probable  that  these  yellow 
bodies  had  their  origin  in  an  organism  similar 
to  that  which  gave  rise  to  the  Australian  and 
European  boghead  coals. 

Numerous  yellow  bodies,  apparently  com- 
parable to  those  described  in  the  foregouig 
pages,  are  found  in  a  cannel  coal  occurring 
in  the  Mercer  shale  on  Neshannock  Creek  near 
Leesbui^,  in  Springfield  Township,  Mercer 
Coimty,  Pa.  As  shown  in  Plate  XL,  S,  this 
coal  contains  much  material  of  humic  origin. 
Besides  the  spore  exines  and  the  yellow  bodies, 
of  which  the  latter  are  plainly  recognizable 
in  the  photograph,  the  section  discloses  large 
munbers  of  cuticular  fragments  and  numerous 
lumps  of  resin,  two  kinds  of  which,  one  dark 
and  the  other  lighter,  are  seen  on  the  left. 

It  is  likely  that  a  close  examination  of  cannel 
coals  will  reveal  algal  colonies  in  many  of 
them,  as  is  to  be  expected  on  account  of  the 
open-water  environment  in  which  they  were 
laid  down.  In  view  of  the  interesting  results 
of  the  present  study  of  bogheads  and  cannel 
coals,  a  more  systematic  examination  of  the 
cannel  series,  of  which  abundant  material  is 
already  in  hand,  is  contemplated. 

SUMMARY. 

According  to  origin,  bituminous  shales  and 
cannel  coals  may  be  classified  into  humic,  spore, 
eerie,  resinous,  and  algal  deposits. 

This  paper  endeavors  to  show  that  the  yel- 
low bodies  of  the  boghead  coals  are  not  derived 
from  spores  but  represent  colonies  of  alga-like 
organisms  heretofore  not  well  known.     In  all 


the  bogheads  investigated  these  colonies,  de- 
scribed as  Reinschia  and  PiZa,  are  similar  to 
an  organism  now  living  in  the  salt  lakes  and 
salt  lagoons  of  South  Australia  and  neighbor- 
ing islands.  The  living  organism  has  been 
termed  Elaeophyton  because  of  the  large  amount 
of  oil  it  contains. 

Elaeophyton  is  a  colonial  organism  in  some 
respects  resembling  some  of  the  blue-green 
algae,  but  its  cell  wall  differs  from  that  of  the 
algae  ordinarily  described.  The  colonies,  which 
are  just  visible  to  the  naked  eye,  may  b,e  single 
or  compound;  they  are  solid  and  of  globular 
form.  Each  colony  is  composed  of  an  irregu- 
lar outer  zone  of  living  cells,  several  cells  deep, 
inclosing  a  core  of  irregular  inner  cells  that 
lack  protoplasmic  contents.  The  living  cell 
contents  are  of  oval  or  ovoid  form,  are  rela- 
tively small  (about  3  microns  in  diameter  and 
5  microns  long) ,  and  contain  no  definite  nuclei. 
They  are  surrounded  by  a  relatively  thick  cell 
wall  of  irregular  thickness.  The  different  cells 
are  cemented  together  by  a  medium  apparently 
similar  to  the  cell  walls.  These  colonies  ap- 
pear on  the  lakes  and  lagoons  toward  the  end 
of  winter,  are  blown  to  the  shore,  and  there 
form  a  rubber-like  mass  called  coorongite. 
Coorongite  does  not  appear  to  decompose  or 
oxidize  further;  it  is  rich  in  oil  and  volatile 
matter,  burns  with  a  bright,  hot  fiame,  and 
melts  before  burning.  When  heated  in  a  closed 
test  tube  it  melts  into  a  sirupy  liquid,  becom- 
ing viscous  on  cooling.  When  distilled,  it 
yields  about  70  per  cent  of  oils,  some  tarry 
matter,  some  gas,  and  very  little  solid  residue. 
Coorongite  is  the  peat  stage  of  boghead  coal. 

The  structure  and  size  of  the  yellow  bodies 
in  the  boghead  coals  examined  correspond 
closely  to  those  of  the  colonies  of  Elaeophyton. 
The  vellow  bodies  contain  an  outer  zone  of 

ft-'' 

thick-walled  cells  inclosing  oval  sacks,  most  of 
which  have  brown  contents.  These  sacks  rep- 
resent the  once  living  protoplasmic  contents  of 
the  cell.  The  preservation  of  the  structure  as 
a  whole  differs  in  deposits  at  different  locali- 
ties, the  coals  examined  showing  a  range  from 
a  very  well  preserved  structure  to  a  condition 
in  w^liich  the  structure  has  been  completely 
effaced.     A  similar  range  occurs  to  some  extent 
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in  the  deposits  of  well-preserved  material.  By 
analogy  and  through  the  similarity  in  struc- 
ture, appearance,  and  qualities  of  the  yellow 
bodies  in  the  boghead  series,  it  is  concluded 
that  all  had  a  similar  source — that  is,  colonial 
algae  of  the  same  general  nature  and  of  a  com- 
position similar  to  that  of  the  colonies  of  the 
living  Elaeophyton, 
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ANIAKCHAK  CRATER,  ALASKA  PP:NINSULA. 


By  Walter  R.  Smith. 


The  discovery  of  a  gigantic  crater  north- 
west of  Aniakchak  Bay  (see  fig.  11)  closes 
what  had  been  thought  to  be  a  wide  gap  in  the 
extensive  series  of  volcanoes  occurring  at 
irregular  intervals  for  nearly  600  miles  along 
the  axial  line  of  the  Alaska  Peninsula  and  the 
Aleutian  Islands.  In  this  belt  there  are  more 
active  and  recently  active  volcanoes  than  in  all 
the  rest  of  North  America.  Exclusive  of  those 
on  the  west  side*  of  Cook  Inlet,  which,  how- 
ever, belong  to  the  same  group,  this  belt  eon- 
tains  at  least  42  active  or  well-preserved 
volcanoes  and  about  half  as  many  mountains 
suspected  or  reported  to  be  volcanoes.  The 
locations  of  some  of  these  mountains  and  the 
hot  springs  on  the  ^Uaska  Peninsula  and  the 
Aleutian  Islands  are  shown  on  a  map  prepared 
by  G.  A.  Waring.^  Attention  has  been  called 
to  these  volcanoes  for  nearly  two  centuries, 
but  a  record  of  their  activity  since  the  dis- 
covery of  Alaska  is  far  from  being  complete, 
and  an  adequate  description  of  them  as  a 
group  has  never  been  written.  Owing  to 
their  recent  activitv  or  unusual  scenic  beautv, 
some  of  the  best  known  of  the  group  are 
Mounts  Katmai,  Bogoslof,  and  Shishaldin, 
but  there  are  many  other  beautiful  and  in- 
teresting cones  and  craters. 

Aniakchak  Crater  (Pis.  XLI,  XLII)  was  dis- 
covered in  August,  1922,2  by  a  United  States 
Geological  Survey  party,  in  charge  of  R.  H.  Sar- 
gent, topographic  engineer,  in  the  course  of  a 
reconnaissance  topographic  and  geologic  survey 
of  the  country  west  of  the  Aleutian  Mountains 
between  Wide  and  Aniakchak  bavs.  The  first 
evidence  of  an  ancient  volcanic^  eruption  in  the 
district  was  observed  30  miles  northeast  of  tlie 
crater,  in  the  form  of  thin  deposits  of  fine  ash 
concentrated  in  small  depressions  on  the  hill- 
sides.    As  the  work  progress(Hl  southwest  ward 


>  Waring,  G.  A.,  MinerulsprinKSof  Ahiska:  V .  S.  (Jool.  Survey  Watvr- 
Supply  Paper  418,  pi.  1,  191". 

>  It  has  recently  been  reported  that  W.  W.  Frenchman  engineer. 
and  party  visited  the  crater  in  July,  1921,  but  no  report  of  the  dis- 
covery was  made  at  that  time. 


the  deposits  of  volcanic  ash  became  more  numer- 
ous and  the  material  coarser.  Along  Ray  Creek, 
183^  miles  from  the  crater,  pieces  of  scoria  and 
fine  ash  had  consolidated  and  subsequently 
been  cut  by  the  stream  until  vertical  walls 
stand  6  to  12  feet  high  on  both  banks.  (See 
PL  XLIII,  A,  B.)  The  floor  of  the  broad 
vallev  of  Cinder  River  was  found  to  be  entirelv 
covered  by  volcanic  ejecta,  but  the  source  of 
the  material  was  not  discovered  until  the 
summit  of  Elephant  Mountain  was  occupied 
by  Mr.  Sargent  and  the  writer.  Prior  to  the 
view  of  the  crater,  however,  locations  on  the 
topographic  map  of  a  group  of  peaks  in  the 
distance  had  assumed  the  form  of  a  circle,  but 
the  reason  of  the  arrangement  was  not  sus- 
pected. 

Aniakchak  Crater  is  24  miles  northwest  of 

Aniakchak  Bay,  approximately  in  the  central 
part  of  the  Alaska  Peninsula,  on  the  divide 
between  the  Pacific  Ocean  and  Bering  Sea. 
Although  there  are  no  trails,  the  district  is 
easily  accessible  from  either  side  of  the  penin- 
sula. Aniakchak  River,  the  largest  stream  on 
the  peninsula  flowing  into  the  Pacific  Ocean, 
rises  within  the  crater  and  breaks  through  the 
east  side  of  the  rim  in  a  narrow  and  pictur- 
esquely castled  canyon  which  has  been  named 
"The  Gates''  (PI.  XLIII,  CO,  from  two  long, 
nearly  S3rmmetrical  mountain  spurs  that  di- 
verge from  the  canyon,  one  on  each  side  of  the 
river,  and  inclose  the  upper  valley.  The 
crater  is  nearly  circular  in  outline  and  has  a 
maximum  diameter  of  G^i  miles  and  a  minimum 
diameter  of  a  little  over  o^  miles.  The  lowest 
part  of  the  crater  floor  is  1,100  feet  above  sea 
level  and  contains  Surprise  Lake,  a  body  of 
water  with  an  area  of  2  square  miles.  The 
walls  are  well  preserved  and  rise  almost  ver- 
tically in  places  to  altitudes  of  1,200  to  3,000 
feet  above  the  ])ottom  of  the  crater.  A  large 
truncated  cinder  cone,  the  summit  of  which  is 
2,200  feet  above  Surprise  Lake,  occupies  the 
south-central  part  of  the  area  inclosed  within 
the  crater  rim. 
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The  crater  was  first  mentioned  without  a 
name  by  R.  F.  Griggs '  in  a  hook  that  was 
printed  shortly  after  the  rettirn  of  Mr.  Sar- 
gent's party.     Under  the  noino  "OUt  Crator'" 


report '  on  the  geology  of  the  district.  In  a 
chronologic  account  of  observed  volcanic  ac- 
tivity in  .Ylaska,  Grewingk  *  gives  the  geo- 
graphic   position    of    Vcniaminof   volcano  as 


its  position  is  indicated  on  the  map  of  Alaska 
published  l»y  the  Survey  in  1923.  A  very  Iirief 
description  of  the  crater  was  included    in   a 


ikor,  A.  A.,  TUB  Cold  Bay-rhi^nlk  dbWO: 
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latitude  56°  and  longitude  158°  to  159°. 
This  position  is  rather  close  to  that  of  Aniak- 
chak  Crater,  which  is  latitude  56°  45'  and  longi- 
tude 158°  9',  but  from  the  short  account  given 
it  is  quite  evident  that  Grewingk  meant  the 
volcano  known  at  present  as  Veniaminof,  lati- 
tude 56°  17'  and  longitude  159°  15',  and  not 
Aniakchak  Crater.  Although  the  Russian 
scientists  and  travelers  recorded  many  inter- 
esting and  valuable  observations  regarding  the 
volcanoes  of  Alaska  Peninsula,  they  made  no 
mention,  so  far  as  known  to  the  WTJter,  of  the 
immense  crater  discovered  in  1922.  It  is  quite 
probable  that  some  of  the  Russian  fur  hunters, 
or  perhaps  a  prospector  or  trapper  of  more 
recent  days,  came  across  the  crater  but  either 
failed  to  recognize  it  as  such  or  failed  to  report 
it.  Inquiries  were  made  of  the  inhabitants  of 
Chignik,  the  nearest  settlement,  and  of  local 
trappers,  all  of  whom  knew  nothing  about  the 
crater.  The  present  paper  is  based  on  observa- 
tions made  by  the  writer  during  a  few  hours. 
Time  was  not  available  to  determine  the  age  of 
the  crater  or  the  exact  manner  in  which  it  was 
formed. 

The  observer  at  a  distance  would  not  suspect 
the  existence  of  a  huge  crater  within  the  cluster 
of  rather  gentle  peaks  which  are  separated  from 
the  other  mountains  of  the  district  by  ])road 
level  areas.  The  valleys  of  Meshik  and  Aniak- 
chak rivers  west  of  the  crater  are  in  general 
less  than  200  feet  above  sea  level.  The  boldest 
portion  of  the  outer  rim  of  the  crater  is  along 
the  east  side  of  the  mountains,  where  cliffs  rise 
abruptly  from  the  tributary  valleys  of  Aniak- 
chak and  Meshik  rivers.  Over  these  precipi- 
tous chffs  many  streams  cascade  from  the 
glaciers  near  the  smnmit  of  the  rim.  One  of 
these  streams  has  a  vertical  fall  of  at  least  1,000 
feet.  The  west  and  north  sides  of  the  rim 
slope  more  gently  away  from  the  crater  and 
are  covered  to  a  great  depth  by  ash  and  cinders. 
Gullies  30  feet  deep  on  these  slopes  do  not 
expose  the  sohd  rock  beneath  but  show  rudely 
stratified  layers  of  ash  and  large  lava  and  scoria 
boulders  4  feet  and  less  in  diameter. 

The  panorama  of  the  crater  (PI.  XLI)  con- 
veys a  rather  poor  conception  of  its  magnitude, 
owing  to  the  large  size  of  the  area  inclosed 
within  the  proportionally  low  rim  and  to  the 
absence  of  an  object  of  known  dimensions. 
However,  the  greatest  length  of  Surprise  Lake 
visible  in  the  photograph  is  2J^  miles,  and  the 


small  cones  near  the  upper  end  of  the  lake  rise 
about  200  feet  above  the  floor  of  the  crater. 
The  siunmit  of  the  large  cinder  cone  is  4J^ 
miles  from  the  point  at  which  the  picture  was 
taken;  the  mountains  beyond  the  cone  are  6 
miles  from  the  observ^er.  The  inner  wall  is 
abrupt — at  places  nearly  vertical — and  so  far 
as  kno^Mi  it  can  not  be  easily  descended  except 
just  north  of  The  Gates.  A  view  of  Black 
Nose  (PI.  XLIV,  A)y  the  peak  immediately 
south  of  The  Gates,  taken  from  a  cinder  ridge 
within  the  crater,  gives  an  idea  of  the  steepness 
of  parts  of  the  inner  wall.  The  south  side  of 
the  crater  rim  affords  a  gathering  ground  for 
the  snow,  and  here  vigorous  alpine  glaciers 
have  been  formed  on  the  steep  slopes.  Evi- 
dence of  slumping  along  the  inner  wall  was  not 
noted  except  for  several  talus  slopes  in  the 
canyon  of  Aniakchak  River  and  near  the  base 
of  Black  Nose.  The  circumference  of  the  crater 
is  nearly  19  miles.  The  rim  is  broken  in  two 
places — the  sharp  notch  through  which  Aniak- 
chak River  flows  and  a  depression  on  the  west 
side  wliich  was  not  seen  in  1922  but  has  been 
reported  by  M.  W.  Taylor,  of  Seattle,  who 
visited  the  crater  in  1923.  On  the  south  side 
the  highest  point  on  the  rim  is  4,200  feet  above 
sea  level  and  3,000  feet  above  Surprise  Lake. 
This  peak  and  several  others  close  by  were 
obscured  by  clouds  at  the  time  the  photograph 
reproduced  in  Plate  XLIV  was  taken.  The 
greater  part  of  the  crest  of  the  rim  is  not  jagged, 
although  Black  Nose  and  several  other  sharp 
peaks  rise  above  the  average  altitude,  which  is 
approximately  3,000  feet. 

Along  the  north  and  northeast  sides  the  inner 
wall  is  partly  covered  by  detritus,  but  in  the 
few  exposures  seen  the  rocks  appeared  to  be 
layers  of  pink  and  black  lava,  probably  obsidian, 
several  hundred  feet  thick,  overlying  a  light- 
colored  quartz  diorite.  Most  of  these  ex- 
posures are  inaccessible  and  were  not  closely 
examined,  but  a  specimen  of  the  quartz  diorite 
was  taken  on  the  outer  wall  northeast  of  the 
crater.  Exposures  in  the  clifl's  along  the  canyon 
and  near  the  bottom  of  Black  Nose  consist  of 
nearly  horizontal  sedimentary  rocks,  chiefly 
very  massive  gray  sandstone.  In  the  lower  600 
feet  the  rocks  exposed  in  the  canyon  are 
abundantly  fossiUferous;  the  greater  part  of  the 
fossils  belong  to  several  species  of  Aucetta  that 
are  characteristic  of  the  Naknek  formation, 
of  Upper  Jurassic  age.  From  a  distance  the 
smmnit  of  Black  Nose  apparently  consists  of 
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lava,  but  the  upper  portion  may  be  in  part 
sedimentary  rock,  presumably  of  Tertiary  age. 
The  imconformity  and  the  contrast  in  lithology 
between  the  rocks  of  the  two  kinds  can  be 
seen  in  Plate  XLIV,  A,  Although  the  high 
mountains  forming  the  south  side  of  the  rim 
were  not  closely  examined,  they  probably  con- 
sist entirely  of  sedimentary  rocks,  the  greater 
part  of  which  are  Upper  Jurassic.  A  rugged 
spur  north  of  the  north  wing  of  The  Gates  is 
composed  of  very  coarse  agglomerate  or  tulF 
similar  to  that  overlying  large  areas  in  the 
vicinity  of  Aniakchak  and  Kejulik  bays.  Most 
of  the  large  and  small  boulders  that  make  up  the 
agglomerate  are  angular,  but  some  are  rounded. 
Individual  blocks  attain  16  feet  in  diameter  and 
display  the  darker  shades  of  red,  green,  and 
gray.  Many  of  the  boulders  are  black,  and  all 
of  them  show  a  scoriaceous  texture. 

The  area  of  the  bottopi  of  the  crater  is 
approximately  30  square  miles.  The  entire 
floor  is  covered  to  an  unknown  depth  by  black 
and  gray  scoria  ranging  in  coarseness  from  \^vy 
fine  material  to  pieces  several  feet  in  diameter. 
About  one-third  of  the  floor  is  level ;  around  the 
base  of  the  large  cone  ridges  of  cinders,  200  to 
800  feet  high,  radiate  toward  the  crater  wall. 
The  formation  of  the  cones  and  the  position 
of  the  material  within  the  rim  are  undoubtedly 
the  results  of  activity  subsequent  to  the  major 
eruptions  that  produced  the  great  crater. 
The  later  activity  probably  decreased  the 
original  depth  of  the  crater  by  partly  filling  it 
with  cinders.  The  upper  800  feet  of  the  large 
cone  is  remarkably  circular  and  well  preserved. 
It  is  thought  to  be  formed  entirely  of  cinders, 
as  no  lava  was  obser\^ed  on  the  ridges  around 
the  base.  The  summit  is  truncated  and  may 
be  slightly  depressed.  An  attempt  was  made 
to  reach  the  top,  but  traveling  over  the  loose 
material  is  wearisome,  and  the  attempt  was 
given  up  late  in  the  evening  with  the  realiza- 
tion that  a  trip  of  10  miles  to  camp  was  yet  to 
be  made.  The  small  cones  near  the  head  of  the 
lake  were  not  examined.  Toward  the  west 
side  of  the  crater,  5  miles  from  the  waiter's 
nearest  point  of  observation,  another  small 
cone,  which  was  not  caught  by  the  camera, 
could  be  seen  by  aid  of  a  field  glass.  Near  this 
cone  a  curious  bowl-shaped  deposit  of  white 
material,  probably  formed  by  hot  mineral 
waters,  stands  out  in  contrast  to  the  surround- 
ing black  scoria,  which  appeared  to  bo  very 


ooarse  at  that  locality.  Only  a  rough  estimate 
of  the  dimensions  of  the  bowl  can  be  given, 
but  it  is  at  least  200  feet  in  diameter. 

Surprise  Lake,  in  the  northeastern  part  of 
the  crater,  is  irregular  in  outline  and  has  a 
maximum  length  of  23^  miles  and  average 
width  of  three-fourths  of  a  mile.  It  covers  an 
area  of  nearly  2  square  miles,  but  the  bluish- 
green  color  of  the  water  indicates  that  the 
depth  is  not  great.  The  lake  may  have  formerly 
covered  a  much  larger  area,  before  the  river 
had  deepened  its  channel  through  the  canyon, 
but  terraces  or  high-water  marks  could  not 
be  detected  on  the  wall  at  the  few  places  ex- 
amined. An  ill-defined  bench  occurs  well  up 
on  the  sides  of  the  cinder  cone,  however,  but 
the  bench  is  not  continuous  nor  sufficiently 
well  preserved  to  consider  it  an  ancient  lake 
shore.  A  small  circular  lake  or  pool  several 
hundred  feet  higher  than  Surprise  Lake  is 
situated  at  the  base  of  Black  Nose.  Although 
a  stream  of  considerable  size  flows  from  the 
lake  and  unites  with  Aniakchak  River  just 
inside  The  Gates,  the  lake  has  no  affluents  and 
must  derive  its  supply  of  water  from  the  snow 
fields  and  glaciers  by  seepage  through  the 
cinders. 

The  narrow  notch  in  the  crater's  rim 
through  which  Aniakchak  River  flows  has  un- 
doubtedly been  deepened  by  the  erosive  power 
of  the  stream,  which  is  very  turbulent  as  it 
emerges  through  The  Gates.  The  break  in 
the  wall,  however,  is  thought  to  be  caused  by 
a  rift,  which  may  extend  across  the  crater  and 
account  for  the  depression  on  the  west  side. 
No  evidence  of  relative  vertical  displacement 
of  the  opposite  sides  of  the  canyon  was  noted. 
The  photograph  of  The  Gates  (PI.  XLIII,  C), 
taken  through  the  haze  from  a  point  5J4  miles 
down  the  valley,  does  not  do  justice  to  their 
profoundly  impressive  beauty.  Several  ter- 
races formed  by  the  river  in  the  ash  and  pumice 
can  be  ^een  in  the  foreground.  The  crater  can 
be  entered  through  The  Gates  without  diflSculty 
on  the  south  side  of  the  river.  The  stream 
was  too  swift  to  be  waded  within  the  canyon 
when  it  was  visited  in  August,  and  an  attempt 
to  pass  through  on  the  north  side  of  the  river 
terminated  by  climbing  a  precipitous  cliff 
1 ,600  feet  high. 

Onlv  the  east  side  of  the  crater  was  visited, 
but  the  country  to  the  north  could  be  seen 
from  Jaw  Mountain  and  the  southeast  outer 
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wall  from  Pinnacle  Mountain.     All  the  valleys 
of  the  surrounding  country  for  many  miles  are 
covered  by  thick  deposits  of  ejecta  from  the 
crater.     The   material    consists    of    fine    ash, 
fragments  of  black  and  pink  lava,  and  gray, 
black,  and  red  pumice.     The  greatest  observed 
thickness  is  exposed  in  the  steep  banks  of  Lava 
Creek.     The    stream     has     developed    many 
beautiful  terraces  and  its  present  bed,  west  of 
Jaw  Mountain,  is  cut,  perhaps  50  feet,  into  a 
deposit  of  black  volcanic  glass,  as  reported  by 
Mr.  Sargent.     The  glass  or  obsidian  is  10  miles 
from  the  nearest  point  on  the  crater's  rim,  and 
whatever  its  soiu'ce  it  was  extruded  before  the 
great  eruptions  of  the  volcano,  as  it  is  overlain 
by  at  least   150  feet   of  loose   material,    the 
greater  part  of  which  is  black  pimiice.     This  is 
the  only  lava  seen  in  place  except  on  the  inner 
wall  of  the  crater,   but  many  fragments   of 
black  obsidian,  containing  a  few  glassy  lath- 
shaped  crystals  of  feldspar,  were  found  on  the 
mountains  many  miles  from  the  crater.     Indi- 
cations of  extinct  fmnaroles  were  sought  in  the 
ash-covered  area  east  of  the  crater,  but  much 
of  the  volcanic  material  has  been  worked  over 
by   streams,    and   no    evidence    of   fumarolic 
activity    was    foimd.     The    upper    valley    of 
Meshik  River  and  also  the  valley  of  Aniakchak 
River  in  the  vicinity  of  Albert  Johnson  Creek 
have  been  filled  with  volcanic  debris  to  such 
an  extent  that  the  present  valley  floors  are  very 
broad  and  nearly  level.     A  few  low  isolated 
hills  near  the  margins  of  the  level  area  appear 
to  have  been  partly  buried,   with  only  their 
siunmits  left  exposed,  but  this  is  probably  an 
illusion.     Several  high  mountains  southeast  of 
the  crater  are  sharp-peaked,   especially  Pin- 
nacle Mountain,   and  are  composed  of  horn- 
blende   andesite.     A    stream    of    considerable 
size.  Hidden  Creek,  a  tributary  of  Aniakchak 
River,  flows  through  a  subterranean  channel 
beneath  the  ash  and  cinders  for  a  distance  of 
5  or  6  miles  and  emerges  on  the  west  bank  of 
the  river.     The  Aniakchak  is  about   100  feet 
wide  and  4  feet  deep  below  the  North  Fork. 
The  current  is  swift  enough  to  transport  small 
pieces  of  pumice  along  the  bottom.     At  4  miles 
from  its  mouth  the  river  has  eroded  a  pictur- 
esque gorge  through  a  thick  deposit  of  volcanic 
agglomerate.    The  southwest  side  of  the  gorge 
is  formed  by  a  rugged  spur  that  projects  across 
the  valley  from  the  hills  to  the  southwest  and 
is  locally  known  as  Cape  Horn.     (See  fig.  11.) 


The  river  is  navigable  by  small  boats  as  iar  as 
the  meanders  below  the  mouth  of  Mystery 
Creek. 

A  broad  marshy  lowland  lies  between  the 
shore  line  of  Aniakchak  Bay  and  the  hills 
toward  the  northwest.  In  this  area  a  remark- 
able series  of  nine  crescent-shaped  ancient 
beaches  can  be  seen  from  the  mountains  north 
of  the  river  in  the  form  of  low  ridges  conform- 
ing in  direction  to  the  present  shore  line.  A 
large  part  of  the  material  in  these  ridges  con- 
ists  of  volcanic  ash  and  pmnice  washed  ashore 
by  the  waves  after  having  been  trsnsported 
into  the  bay  by  the  river.  The  bay  is  un- 
charted and  is  not  a  protected  harbor,  although 
deep  water  is  reported  by  masters  of  fishing 
schooners  who  have  entered  the  bay.  Hook 
Bay,  25  miles  directly  south  of  the  crater, 
affords  an  excellent  harbor  for  boats  of  mod- 
erate size.  An  old  trail  leads  from  this  bay 
over  the  mountains  toward  Meshik  River 
valley  and  is  probably  the  best  route  from  the 
Pacific  coast  to  the  crater,  although  in  fair 
weather  a  landing  can  be  made  at  the  mouth  of 
the  river  at  Aniachak  Bay.  From  this  point 
the  distance  to  the  crater  is  not  so  great  as 
from  Hook  Bay,  and  the  route  is  over  level 
country.  Chignik  is  the  nearest  settlement 
and  is  40  miles  southwest  in  a  direct  line  from 
the  crater  but  at  least  60  miles  by  trail.  A 
trapper's  cabin  has  been  built  near  the  lagoon 
at  Aniakchak  Bay  and  one  on  the  south  side 
of  the  valley  below  Albert  Johnson  Creek.  The 
trappers  occup>ang  the  cabins  during  the  winter 
had  traveled  over  the  cinders  as  far  west  as 
Meshik  Lake  for  many  years,  but  they  did  not 
know  of  the  existence  of  Aniakchak  Crater. 

Vegetation  has  gained  a  footing  in  places 
throughout  the  area  covered  by  ash,  and  even 
within  the  crater  several  tufts  of  grass  and 
low  flowering  plants  were  seen.  Large  areas, 
however,  wathin  a  radius  of  20  miles  of  the 
crater,  are  entirely  barren  of  plant  life  and  have 
the  appearance  of  arid  plains.  Alder  bushes 
have  grown  to  a  height  of  6  feet  in  the  valleys 
of  High  and  Lava  creeks  and  furnish  suffi- 
cient fuel  for  camp  purposes,  but  they  are  not 
straight  enough  to  be  used  for  tent  poles. 
Foxes  and  Kodiak  bears  inhabit  the  region. 
Small  herds  of  caribou  were  seen  near  the  valley 
of  Pumice  Creek. 

The  wide  general  use  of  the  term  "crater" 
includes  several  varieties  or  types,  which  have 
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been  differentiated  as  impact  craters,  sub- 
sidence craters,  upbuilt  craters,  and  explosion 
craters.  An  impact  crater  may  be  formed  by 
the  fall  of  a  body,  such  as  a  lai^e  meteorite  or  a 
projectile  from  a  cannon.  Such  a  bowl-shaped 
hollow  or  pit  may  have  nothing  in  common  with 
volcanic  activity.  A  subsidence  crater  is  a  de- 
pression below  the  general  level  of  the  country 
or  a  concave  area  on  a  mountain,  made  by  the 
collapse  of  the  roof  of  a  cavity.  In  limestone 
countries  such  depressions  are  common,  but  the 
use  of  the  term  is  restricted  by  many  geog- 
raphers to  pits  occurring  in  volcanic  regions. 
These  pits  are  usually  caused  by  the  collapse  of 
cavities  formed  in  volcanoes  by  the  eruption 
of  lava  and  other  material.  Craters  formed  in 
this  manner  are  also  known  as  caldrons.  The 
largest  and  some  of  the  best-known  craters  on 
the  earth  are  of  this  variety,  to  which  belong 
Kilauea,  in  the  Hawaiian  Islands  (2.93  miles  in 
diameter) ;  the  pit  of  Crater  Lake,  Oregon  (514 
miles  in  diameter) :  Ngorongoro,  East  Africa 
(12  miles  in  diameter) ;  and  Aso-san,  in  Japan 
(dimensions,  9  by  14  miles).  An  upbuilt  crater 
has  the  form  of  a  more  or  less  circular  mound 
surrounding  an  aperture,  relatively  small  in 
diameter  but  usually  deep,  which  serves  as  a 
vent  for  the  lava,  ash,  and  fumes  thrown  out 
by  a  volcano.  This  is  the  normal  and  most 
common  type  of  craters  and  occurs  on  the 
summits  of  Lassen,  Etna,  Cotopaxi,  Fuji,  and 
scores  of  other  volcanoes.  StromboH,  in  the 
Mediterranean  Sea,  is  taken  as  the  type  of  the 
explosion  craters.  Better  examples,  however, 
are  known,  such  as  the  crater  formed  by  the 
ancient  explosion  of  Vesuvius,  A.  D.  79,  of 
which  Mount  Somma  is  a  remnant,  and  the 
ruins  of  Krakatoa  in  1883  and  of  Katmai  in 
1912.  Excavations  made  by  erosive  agents 
have  been  referred  to  and  classified  as  craters, 
but  they  have  nothing  to  do  with  volcanic 
action. 

All  the  evidence  now  available  points  to  the 
origin  of  Aniakchak  Crater  by  explosive  activ- 
ity and  not  by  subsidence.  Besides  the  vast 
quantities  of  rather  fine  material  thrown  from 
the  crater  and  concentrated  in  the  vallevs  of 
the  surrounding  country,  huge  projectiles  were 
hurled  man}^  miles.  On  the  north  slope  of 
Elephant  Mountain,  1 ,000  feet  above  the  valley 
of  Meloy  Creek  and  23 H  miles  from  the  center 
of  the  crater,  a  block  of  black  obsidian  was 
found  which  measured  at  least  2  cubic  feet  in 
volume.     About    14    miles   southeast    of    the 

• 

crater  an  angular  mass  of  sandstone,  5  feet  in 


diameter  and  containing  fossils  similar  to  those 
found  near  Black  Nose,  occurs  near  the  summit 
of  a  small  hill  composed  of  agglomerate.  The 
large  boulder  is  not  waten^'om,  and  there  is 
sliglit  probability  that  it  was  carried  to  its 
present  position  by  a  glacier.  The  ash  con- 
tains smaller  fragments  of  sandstone  that  have 
the  same  lithologic  character  as  that  exposed  in 
the  southeast  wall  of  the  crater  and  were  not 
derived  from  rock  in  the  immediate  vicinity  in 
which  thev  were  found.  Tliat  tremendous  ex- 
plosive  forces  were  active  at  the  time  the  pres- 
ent crater  was  formed  is  quite  evident.  All  the 
known  craters  of  the  world  as  lai^e  as  Aniak- 
chak Crater  or  larger  are  thought  to  have  been 
formed  by  subsidence.  Katmai  Crater,  3 
miles  in  diameter,  151  miles  to  the  northeast, 
was  formerly  considered  the  largest  crater  of 
the  explosive  type  known,  but  it  is  greatly 
surpassed  by  Aniakchak  Crater,  65^  miles  in 
diameter.  In  diameter  and  general  outline  the 
caldron  of  Crater  Lake,  Oreg.,  and  Aniakchak 
Crater  are  remarkably  similar,  although  the 
two  are  of  entirely  different  types. 

The  form  of  the  mountain  mass  that  occupied 
the  present  site  of  the  crater  prior  to  the 
eruptions  that  resulted  in  the  formation  of 
the  depression  can  of  course  only  be  con- 
jectured. Before  the  existence  of  the  volcano 
the  area  now  within  the  crater  was  probably 
occupied  by  one  or  more  mountains  of  mod- 
erate altitude — that  is,  by  analogy  w^th  other 
mountains  in  the  district,  between  3,000  and 
4,000  feet — which  were  composed  of  very 
slightly  folded  sedimentary  rocks,  intruded 
on  the  north  by  a  large  mass  of  quartz  diorite. 
Wliy  volcanic  vents  should  be  formed  near  the 
summits  of  high  mountains  composed  of  nearly 
horizontal  strata  is  difficult  to  explain,  but  on 
the  Alaska  Peninsula  many  of  the  active  and 
extinct  volcanoes  originated  in  mountains  of 
this  type.  This  is  especially  true  of  the  vol- 
canoes toward  the  northwest,  of  which  Mounts 
Katmai,  Magiek,  Peulik,  and  Chiginagak  are 
examples.  These  volcanoes  and  many  others 
on  the  Alaska  Peninsula  have  formed  cones 
and  increased  their  altitudes  to  heights  rang- 
ing from  5,000  to  nearly  10,000  feet  by  suc- 
cessive lava  flows  over  the  sedimentary  rocks. 
Mount  Chiginagak  (PI.  XLIV,  B),  an  active 
volcano  43  miles  northwest  of  Aniakchak 
Crater,  is  an  impressive  and  typical  example 
of  an  upbuilt  cone.  That  a  similar  cone 
once  towered  above  the  site  of  Aniakchak 
Crater  is  suggested  by  beheaded  lava  flows, 
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remnants  of  which  are  exposed  on  the  east 
wall  of  the  crater,  on  the  summit  of  Black 
Nose,  and  possibly  in  the  bed  of  Lava  Creek. 
An  imaginary  cone  reconstructed   a  mile  in 
height  above  the  present  floor  of  the  crater 
would  be  slightly  over  6,000  feet  above  sea 
level,  an  altitude  which  is  very  low  in  propor- 
tion  to   the   diameter  of   the  base   and   also 
relatively  low  if  compared  with  the  altitude 
of  other  volcanic  cones.     But  even  if  a  low 
cone  is  postulated  the  amount  of  material  to 
be  accounted  for  is  enormous  and  the  force 
necessary  to  remove  it  in  one  or  several  ex- 
plosions is  beyond  imagination.     The  capacity 
of  the  crater  alone,  if  1,600  feet  is  taken  as  the 
average  height  of  the  rim,  is  about  9  cubic 
miles.     Subtracting  1  cubic  mile  for  the  large 
cinder   cone    still    leaves    space    for    8    cubic 
miles   within    the   crater.     To    this    must    be 
added  at  least  7  cubic  miles  if  the  low  cone, 
suggested  above,  ever  existed.     Between  300 
and   400   square   miles    of    adjacent    country 
on  the  east  and  south  is  known  to  be  covered 
to  various  depths  by  volcanic  ash  and  cinders, 
and  if  an  equally  large  area  north  and  west  of 
the  crater  is  also  overlain  by  ejecta,  certainly 
an  appreciable  part  of  the  supposed  total  of 
15  cubic  miles  is  still  to  be  seen. 

Ordinarily  the  Bering  Sea  coastal  plain  on 
the  northwest  side  of  the  peninsula  is  dotted 
with  thousands  of  small  lakes,  but  in  thr  area 
north  of  the  crater  no  lakes  could  be  sam  from 
Jaw  Mountain.  That  all  depressions  in  this 
part  of  the  plain  were  filled  by  material  from 
the  crater  is  a  fair  deduction.  The  volume  of 
material  ejected  from  Katmai  is  estimated  at 
4.75  cubic  miles,  but  Katmai  Crater  has  a 
capacity  of  only  2  cubic  miles.  The  ejection 
of  vast  quantities  of  material  from  a  single 
source  and  perhaps  during  a  single  period  of 
eruption  is  not  unheard  of  in  volcanism. 
Capps®  has  estimated  a  volume  of  10  cubic 
miles  of  volcanic  ash  thro^\'n  from  a  vent  in 
the  upper  White  River  basin,  and  other  large 
estimates  have  been  made.  Most  of  these 
computations,  however,  were  made  from  meas- 
m^ements  of  the  material  ejected  and  not  from 
the  capacity  of  the  crater. 

Few  data  are  now  available  for  estimating  the 
age  of  Aniakchak  Crater.  However,  it  is 
beheved  to  be  one  of  the  oldest  of  the  series 
of  volcanoes  along  the  Aleutian  Range.     That 

•  Capps,  S.  R.,  An  ancient  volcanic  eruption  in  the  upper  Yukon  biisin: 
V.  8.  Oeol.  Survey  Prof.  Paper  95,  p.  62,  1915. 
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the  eruption  antedates  historic  record  is  sug- 
gested by  the  amoimt  of  stream  erosion, 
especially  in  Lava  Creek,  and  the  vegetation 
of  the  area,  including  alders.  If  the  absence 
of  evidence  of  glaciation  since  the  eruption  is 
taken  as  a  criterion  it  would  appear  that  the 
eruption  is  of  post-Pleistocene  age.  Although 
the  ash  is  more  or  less  concentrated  in  the 
valleys  it  is  not  in  the  form  of  glacial  moraines, 
and  unless  an  ice  sheet  in  which  there  was  Uttle 
or  no  movement  covered  the  entire  area, 
moraines  of  the  loose  pyroclastic  material 
would  be  expected  had  this  material  been  de- 
posited before  glaciation.  A  few  of  the  valleys, 
such  as  that  of  Ray  Creek,  in  which  thick 
deposits  of  ash  occur,  are  rather  narrow  and 
probably  have  been  formed  almost  entirely  by 
stream  erosion.  Most  of  the  valleys  are  broad 
and  suggest  extensive  glaciation  before  they 
were  partly  filled  by  ash.  A  detailed  study  is 
necessary  for  a  more  definite  age  determination. 
An  examination  of  the  relief  map  (PL  XLII) 
will  perhaps  convey  a  better  idea  of  the  giant 
crater  than  a  description.  Nearly  all  distances 
were  scaled  from  Mr.  Sargent's  skillfully 
drawn  topographic  map,  on  which  the  relief 
map  by  Mr.  Renshawe  is  based.  The  topo- 
graphic map  is  published  separately  as  the 
Cold  Bay-Chignik  map. 

The  writer  wishes  to  acknowledge  his  in- 
del)tedness  to  Mr.  Sargent  for  cooperation 
during  the  field  work  and  for  valuable  assist- 
ance and  criticism  in  the  preparation  of  this 
paper.  Thanks  are  also  expressed  to  Mr.  Sid- 
ney Old,  who  accompanied  the  writer  into  the 
crater  and  led  the  way  across  Aniakchak  River. 
The  scenery  of  the  Aniakchak  district,  with 
its  broad  prairie-like  valleys,  margined  by  ma- 
jestic, sharp-peaked  mountains,  is  impressive 
and  in  many  respects  unique.  The  once  active 
scene  of  terrific  earth  convulsions  is  now  almost 
oppressively  silent.  The  coloration  of  the 
country  is  somber  and  together  with  the  fret- 
fully driven  clouds  tends  to  create  a  rather 
pleasing  weirdness.  Aniakchak  Crater  is  one 
of  the  great  natural  curiosities  of  North  Amer- 
ica and  is  certainly  worthy  of  further  investi- 
gation. Although  small  in  comparison,  it  is 
probably  the  nearest  counterpart  on  earth  to 
the  craters  of  the  moon  in  regard  to  the  man- 
ner of  its  formation.  Were  it  not  so  remote 
from  the  usual  paths  of  travel  the  setting  apart 
of  this  crater  as  a  national  monument  would 
be  justified. 


INDEX. 


A  Page. 

Acknowledgments  for  aid 04,135 

Adams,  L.  H.,  and  Williamson,  E.  D.,  determinations  of  com- 
pressibility of  rocks  by 79 

Ancylus  undulatus  Meek 112 

Aniakchak  Crater,  Alaska  Peninsula,  age  of 145 

description  of 139-145 

discovery  of 139 

origin  of 144 

plate  showing 140 

volcanic  deposits  near 139,143 

and  vicinity,  relief  map  of 140 

Aniakchak  River,  Alaska  Peninsula,  features  of 142, 143 

Animal  substances,  complexity  of 68 

Aphanotylus  Brusina 115 

whltei  DaU,  n.  sp 115,  PI.  XXVI 

ArlBona,  northern.    See  Colorado  Plateau. 

Aspleniom  ?  primwo  Knowlton 91,  PI.  XXIIl 

Aston,  F.  W,,  "mass  spectra"  of -- - 60 

work  of,  on  isotopes 83-84 

Atomic  numbers,  features  of 59 

importance  of 65 

table  showing - 56 

Atomic  volumes,  curve  of,  described 57-58 

curve  of,  plate  showing 58 

Atomic  weights,  divergences  of,  from  whole  numbers. , 60 

numerical  relations  of 59 

three  standards  for 55 

usefulness  of. 64HV5 

Atoms,  complexity  of 59 

B 
Basoom,  F.,  The  resuscitation  of  the  term  Bryn  Mawr  gravel..  117-119 

Berry,  E.  W.,  An  early  Eocene  florule  from  central  Texas 87-92 

Berselius,  system  of ,  for  atomic  weights 55 

"Black  layer,"  Shinarump  conglomerate  so  called 11 

Black  Nose,  Alaska  Peninsula,  features  of 1 4 1-142 

plate  showing 140 

Blue  Qate  sandstone,  features  of 15-16 

"Blue  Gate  shale,"  features  of - 15 

Boars  Tusk  Ridge,  Utah,  rocks  expose<i  in 37-39 

Boghead  coals,  al^  theory  of  origin  of 123-126, 130-131 

discovery  of,  in  Australia 123 

in  Scotland 122 

from  Alaska,  description  of 132-133 

microsections  of 138 

from  Australia,  description  of 131-132 

photomicrographs  of 138 

from  Bathgate,  Scotland,  description  of.  - 132 

from  Pennsylvania,  description  of ...      133 

from  Torbane  Hill,  Scotland,  description  of 132 

microsections  of 138 

nature  and  origin  of 12:}-126 

organism  supplying  carbonaceous  matter  to 126-127 

origin  of,  summary  on. 134-135 

other  names  for 122 

use  of  term 122 

yellow  bodies  in 122,124 

source  of 13a  131 

Boodle,  L.  A.,  cited 128-129 

Bradley,  W.  H.     See  Sears  and  Bradley, 

Brandywine  formation,  history  of  the  term 117 

Browns  Park,  Utah-Colo.,  rocks  exposed  in  and  near 41 

Bryn  Mawr  gravel,  history  of  the  term 118 

resuscitation  of  the  term  proposed 117-119 

C 
CampbeU,  W.  W.,  cited 53 

Cannel  coal  from  Pennsylvania  and  Kentucky,  description  of..  133-134 

microsections  of 138 


Page. 

Cunnizzaro,  scheme  of  atomic  weights  revised  by 66 

Carbon  atom,  tetrahedral,  theory  of 65 

Carbon  compounds,  possible  similarity  of  elements  to 64 

Carinifex,  basis  for  name 112 

(Vorticifex)  tryoni  Meek Ill 

Carnegie  Museum  dinosaur  quarry,  above  Jensen,  Utah,  section  at       44 

Ca.spia  Dybowski 114 

Castle  Butte,  Utah,  plate  showing 12 

Cerium,  plural  valency  of 68 

Chinle  formation,  nature  of 11 

Chlorine,  possible  i.sotopes  of 8^86 

Chlorophyll,  production  of 68 

Choffat,  Paul,  cited 28 

Circle  Cliffs,  Utah,  sections  in 20-21,22-23 

Clarke,  Frank  Wigglcsworth,  The  evolution  and  disintegration  of 

matter 51-86 

Coal,  materials  of 121 

Coconino  sandstone,  nature  and  occurrence  of 8 

Colorado,  northwestern,  sections  of  Green  River  formation  in..  101-107 

topography  of 04 

Colorado  group  of  southern  Montana,  new  fauna  from 25-33 

Colorado  Plateau,  Cretaceous  rocks  of 14-16 

erosion  interval  in 0 

Jurassic  rocks  in,  terminology  of 11-12 

previous  work  on •    1-2 

sandstones  and  shales,  unnamed,  in 14 

sections  of  rocks  in 16-23 

plates  showing : 6 

stratigraphy  of 2-5, 11-12;  14-15, 16 

Tertiary  rocks  of 16 

topography  of 2 

Colorado  River,  plates  showing 6,12 

Compounds,  general  nature  of 65 

solid,  first  formed  in  a  cooling  celestial  mass 66 

syntheses  of,  in  the  laboratory 60 

Compression  within  the  earth 78 

Coorongite,  chemical  properties  of 120-130 

formation  of 126-127 

occurrence  imd  physical  properties  of 127-128 

Coronium,  existence  and  possible  relations  of 63,61 

Craters,  types  of 143-144 

Crescent  Creek,  Utah,  sections  on  Colorado  River  near 18-10 

Crow  Indian  Reservation,  Mont.,  section  in 25-26 

D 

Dakota(?)  sandstone,  features  of 16 

Dall,  W.  II.,  Discovery  of  a  Balkan  fresh-water  fauna  in  the  Idaho 

formation  of  Snake  River  valley,  Idaho 109-116 

De  Hautpick,  E.,  cited 128 

Desolation  Canyon,  Utah,  rocks  exposed 45-47 

Devolution,  evidence  obtainable  from 64 

Digestion  of  food,  breaking  down  and  regeneration  of  compounds 

in 60-70 

E 

Earle,  Tex.,  fossil  plants  found  at 87 

fossil  plants  found  at,  age  of 88-80 

distribution  of 00 

Earth,  average  composition  of 76-77 

average  composition  of  known  materials  of 71 

chemical  development  of  the  crust  of 66-67 

compounds  formed  in  the  cooling  of 66 

compression  within 78 

diameter  of  the  nucleus  of 77-78 

distribution  of  matter  in 66,77 

temperatures  in  the  interior  of 78-70 

volume  of  atmosphere,  ocean,  and  crust  of. 70 

Echo  Park  and  Mitten  Park,  Colo.,  rocks  exi)osed  in 42 

147 


148 


INDEX. 


Page. 
Elaeophsrton  coorongiana,   material  of  boghead  coals  derived 

from 130-131 

coorongiaDa,  name  proposed 126 

photomicrographs  of 138 

Electronic  structure  of  atoms,  theory  of 59 

Electrons,  planetary,  nature  of 59 

Elements,  chemical,  decay  of 51-52 

chemical,  dissociated  condition  of,  in  the  hotter  stars  postul- 
ated by  Lockyer 51 

evolution  of,  suggested  by  Clarke 51 

Rutherford's  scheme  for 59 

normal  and  abnormal,  differences  between 80, 82 

order  of  development  of 53 

perfect  and  imperfect flO-61 

speculations  regarding  a  common  origin  of 51 

Emery,  W.  B.,  naming  of  Jurassic  formations  by... 12 

Erosion,  remnants  of,  near  Fremont  River,  Utah,  plate  showing.         6 
Evolution  of  substances,  increasing  complexity  and  instability 

produced  by 52 

F 

Farrington,  O.  C,  on  the  average  composition  of  the  Earth TO 

ontbe(»igin  of  meteorites 74 

Field  work  on  the  Colorado  Plateau,  record  of 1 

Flamhig  Qorge  and  Kingfisher  Canyon,  Utah,  rocks  exposed  in 

and  between 39-40,45 

Fremont  River,  Utah,  section  on  Colorado  River  near 17-18 

0 

Oirty,  O.  H.,  cited 7 

Ooniobasls  taylori  (Oabb) 114,  PI.  XXVI 

taylori(Gabb)  var.  calkinsi 114,  PI.  XXVI 

Qoodridge  formation,  nature  and  age  of 7 

Gray  Canyon,  Utah,  rocks  exposed  in 47 

Green  Riw,  plate  showing 6 

Green  River,  Wyo.,  rocks  along  Green  River  near 35 

Green  River  formation  in  Colorado  and  Wyoming,  examinations 

of 93 

history  of 99-100 

kerogen  in  oil  shale  of lOO-lOl 

map  showing  d istri bu tion  of 94 

nomenclature  of 98-99 

oil  shale  In,  chemical  properties  of 100-101 

distillation  yields  of 102-107 

physical  properties  of 100 

plates  showing lOO 

sections  of 101-107 

source  of  material  of 96-97 

stratigraphic  features  of 95 

structure  of 95 

variations  in  material  of 97-98,101 

Oreen  River  valley,  Wyo.-Utah,  lithologic  succession  in,  com- 
pared with  those  of  southwestern  Utah  and  central 

Wyoming 47-50 

Gregory,  H.  E.,  naming  of  Jurassic  formations  by 11-12 

H 

Halls  Creek,  Utah,  sections  on      21-22 

Halogens,  relations  of,  to  inert  gases  and  alkaline  metals 58 

Hancock,  J.  Oethinj?,  cited 128 

Harkins,  W.  D.,  scheme  of,  for  evolution  of  the  elements 61 

Heat,  generation  of,  in  theeiirth 78-79 

produced  by  union  of  atoms 54 

Helicoceras  pariense  White? 31,  PI.  XX 

Helium,  elemental  nature  of.. 61 

presence  of,  in  nebulae  and  cooling  stars 53, 54 

Henrys  Fork,  Utah,  rocks  along  Green  River  near 36-37 

Hydrocarbons,  origin  of 67 

presence  of,  in  meteoric  stones 72 

Hydrogen,  liberation  of,  from  elements  of  higher  atomic  weight...  H.'^-hT) 

I 

Inoceramus  labiatus  (Schlotheim) 31,  PI.  XIV 

sp 31,  PI.  XIV 

Ionium,  admixture  of,  with  thorium,  effect  of 82 

Iron,  meteoric,  composition  of 72-74 


Page. 

Island  Park,  Utah,  rocks  exposed  in 42-43,45 

Isotopes,  production  and  nature  of *83-84 

of  lead,  features  of 83-83 

K 

Kaibab  limestone,  occurrence  and  thickness  of : 8-9 

Kaiparowits  Plateau,  Utah,  section  in  front  of 21 

Kerogen,  nature  and  variations  of 100-101 

Kerosene,  introduction  of 122-123 

Kerosene  shale.    See  Boghead  coals. 

Kingfisher  Canyon  and  Flaming  Gorge,  Utah,  rocks  exposed  in 

and  between 3^-40^45 

Knowlton,  F.  II.,  cited 91 

L 

Latia  dulli  White 112 

Lead,  uncertain  atomic  weight  of 83 

Lees  Ferry,  Ariz.,  section  near 16 

Lewis,  H.  C,  cited 118 

Lithasia  antiqua  Qabb 114 

campbelli  Dall,  n.  sp ll^  Pi.  XXVI 

Lithoglyphus  antiquus  (Oabb) 114-115,  PI.  XXVI 

Lithosphere,  approximate  thickness  of 77-78 

average  composition  of 75 

Lodore  Canyon,  Colo.,  rocks  exposed  in 41-42 

Longwell,  C.  R.,  and  others.  Rock  formations  in  the  Colorado 

Plateau  of  southeastern  U  tah  and  northern  Arizona . .    1-23 
L3minaea?sp HI 

M 

McEImo  formation,  features  of,  in  the  Colorado  Platoau 14 

"Mass  spectra,"  process  for  producing 83 

work  of  Aston  on 60 

Masuk  sandstone,  features  of 16 

"Masuk  shale,"  features  of 16 

Megasystropha  binneyl  Meek 112 

Melania  taylori  Gabb 114 

Mendel£ef,  existence  and  properties  of  undiscovered  elements  de- 
duced by 61,67 

periodiclaw  discovered  by 66 

Mercury,  Isotopic  varieties  of 84-85 

Merriam,  John  C,  dted 109 

Merrill,  G.  P.,  average  composition  of  meteoric  stones  computed 

by 71-72 

Mcspilodaphne  precoushatta  Berry,  n.  sp 91,  PI.  XXHl 

Meteoric  iron,  composition  of 72-74 

former  molten  state  of 73-74 

Meteorites,  origin  of 74 

stony,  composition  of 72 

Meteors,  disruption  of 74-75 

Meyer,  Lothar,  curve  of  atomic  volumes  devised  by 57-58 

M  icromelania  B  rusina 114 

Moenkopi  formation,  nature  and  divisions  of 9-10 

Molecules,  polyatomic,  formation  of 54 

Montana,  fauna  from  Colorado  group  of 25-33 

Moon,  mean  density  of 75 

Moseley,  H.  G.  J.,  law  of  relation  of  the  elements  proposed  by 50-60 

Mount  Chiginagak,  Alaska  Peninsula,  origin  of 144 

plate  showing Itt 

X 

Navajo  sandstone,  deposition  and  thickness  of 13-14 

rock  carving  in 13 

sheer  cliff  of,  plate  showing 12 

Nebulas,  development  of,  into  stars  and  planets 52-54 

Ncbulium,  disappearance  of,  from  cooling  stars 54 

existence  and  proi>ertios  of 53 

possible  relations  of- 58,61.62 

Neraaturella  Sandberger 114 

X  'hangellito,  microscopic  features  of 128-129 

occu  rren  ce  of 128 

O 

Ocean,  a  possible  source  of  the  chlorine  in _..       73 

Oil,  occurrence  of,  in  the  Colorado  Plateau 2;  7 

Oilshales.    SV^  Boghead  coals  and  Green  River  formation 000 

Opium.     See  Poppy. 

Organic  compounds,  complexity  of , , ,  67-68 


INDEX. 


149 


Page. 

Organisms,  living,  material  for  the  substance  of.  67 

Orygoceras  (Bovillina)  tuba  Dall,  n.  sp 1 13 

(Ibicicomu)  arcuatum  Dall,  n.  sp 113,  PI.  XXVI 

crenulatum  Dall,  n.  sp 113,  PI.  XXVI 

idahoense  Dall,  n.  sp 113,  PI.  XXVI 

P 

Payettia  dalli  (White) --..      112 

Periodic  classification  of  the  elements,  description  of 66-57 

table  showing 66 

Pervinquiferc,  Leon,  cited 28 

Pila  scotica,  occurrence  of,  in  boghead  coals  from  Scotland 132 

Piute  Farms,  Utah,  section  near . 17 

Planorbis?  sp. ill 

Plants,  different  compounds  produced  by 67-6g 

reproduction  of,  by  seeds 68 

Poppy,  hydrocarbons  produced  by 67-68 

Prout,  hydrogen  basis  of  atomic  weights  proposed  by 55, 59 

Pseudotlssotla  (CholTaticeras)  sp.?. 30-31 ,  PI.  XII 

R 
Radioactivity,  discovery  of 51, 79 

products  of .- 80-83 

Radium,  atomic  weight  of 82 

Rare-earth  metals,  origin  of 58 

place  of,  in  the  periodic  table 56-58 

relation  of,  to  Moseley 's ' '  law  " 59 

Ray  Creek,  Alaska  Peninsula,  volcanic  ash  on,  plate  showing 140 

Red  Canyon,  Utah.,  rocks  exposed  in 40-41 

Reeside,  John  B.,  Jr.,  A  new  fauna  from  the  Colorado  group  of 

southern  Montana 26-33 

Notes  on  the  geology  of  Oreen  River  valley  between  Green 

River,  Wyo.,  and  Green  River,  Utah 35-60 

Reactions,  chemical,  what  atomic  adjustments  are  involved  in? 63 

Reinschia  australis,  occurrence  of,  in  Australian  boghead  coal..  131-132 

Rocks,  igneous,  average  composition  of 71 

Rutherford,  Sir  Ernest,  hsrpothesis  of,  for  evolution  of  the  elements  69-^ 

work  of,  on  the  disintegration  of  elements 85-86 

S 

San  Juan  Canyon,  Utah,  plates  showing 6,7, 12 

San  Juan  River,  Utah,  sections  on 17 

Sandria  Bnisina - 114 

Sayersville,  Tex.,  fossil  plants  found  near 87 

fossil  plants  found  near,  age  of. . 88-89 

distribution  of - 90 

Sears,  J.  D.,  and  Bradley,  W.  H.,  Relations  of  the  Wasat<h  and 
Green  River  formations  in  northwestern  Colorado  and 

southern  Wyoming 93-107 

Shale,  bituminous,  use  of  term 121 

bituminous,  varieties  of 121 

carbonaceous,  use  of  term 121 

oil,  use  of  term 121 

Shinarump  conglomerate,  occurrence  and  deposition  of. .   10-11 

Silver  Falls  Creek,  south  fork  of,  Utah,  section  near 20 

Smith,  Walter  R.,  Aniakchak  Crater,  Alaska  Peninsula 139-145 

Snake  River  valley,  Idaho,  Balkan  fresh-water  fauna  in _ . .  109-115 

Solar  system,  composition  of  members  of 77 

Solar  systems,  differences  in  composition  among 64 

Spencer  Camp,  Utah,  section  near 14 

Sphaerium  idahoense  Meek ill 

meeki  Dall,  n.  sp Ill,  .PI  XXVI 

rugosum  Meek -- 110 

Split  Mountain  Canyon,  Utah,  rocks  exposed  in 43-44 

Stability  of  substances,  conditions  affecting - 52 

Stars,  "new,"  phenomenaof 86 


Supai  (?)  formation,  occurrence  and  correlation  of. . 
Surprise  Lake,  Alaska  Peninsula,  features  of. .  .  - 


Page. 

7-8 
141, 142 


Temperatures  within  the  earth 78-70 

Tcrminalia  lesleyana  (Lesquereux)  Berry 91-02,  PI.  XXIII 

The  Gates,  Alaska  Peninsula,  features  of 130,142 

plate  showing 140 

Theories,  scientific,  value  of - 63, 64 

Thiesscn,  Reinhardt,  Origin  of  the  boghead  coals 121-138 

Thorium,  atomic  weight  of,  not  known •. 82 

products  of  disintegration  of 80, 81 

Todilto(?)  formation,  nature  of. 13 

Trachyte  Creek,  Utah,  section  on  Colorado  River  near 10 

view  near,  plateshowing 6 

Tunu nk  sandstone,  f eatu res  of 16 

"  Tununk  shale,"  features  of 15 

Twomile  Canyon,  Utah,  section  on 10-20 

U 

Upper  Desolation  Canyon,  Utah,  rocks  exposed  in 45-46 

Uranium,  atomic  weight  of,  not  known 83 

products  of  disintegration  of 80, 81 

Utah,  southeastern.    See  Colorado  Plateau. 

V 

ValvataO.  F.  MOUer? 115 

Vascoceras,  Choffat,  features  of 28-20 

moultoni  Reeside,  n.  sp. 30,  Pis.  XVII,  XVIII 

stantoni  Reeside,  n.sp 30,  Pis.  XIX-XXI 

thomi  Reeside,  n.sp 20-30,  Pis.  XI-XVI 

sp 30,  PI.  XX 

Volcanoes,  series  of,  along  Alaska  Peninsula  and  the  Aleutian 

Islands 130 

Vorticifex  troni  Meek ill 

W 

Wasatch  formation  in  Colorado  and  Wyoming,  conglomerate  in, 

plateshowing 100 

examinations  of 03 

history  of 00-100 

map  showing  distribution  of 04 

nomenclature  of .  - 08-00 

source  of  material  of 06-07 

stratigraphic  features  of 04-06 

structure  of. 06 

variations  in  material  of 07-08 

Washington,  II.  S.,  analyses  of  igneous  rocks  assembled  by 71 

Waterpocket  Fold,  Utah,  plateshowing 13 

section  across 21-22 

surface  distribution  of  rock  formations  near,  plate  showing 13 

VVhirlpool  Canyon,  Colo.-Utah,  rocks  exposed  in 42 

Wiechert,  E.,  on  the  average  composition  of  the  lithosphere 75-76 

Williamson,  E.  D.,  with  Adams,  L.  II.,  determinations  of  com- 
pressibility of  rocks  by 70 

Wilson  Mesa,  Utah,  view  near,  plateshowing 12 

Wingate  sandstone,  nature  of 12-13 

Wonsits  Valley,  Utah,  rocks  exposed  in 44-45 

Wyoming,  southern,  sections  of  Green  River  formation  in 101-107 

southern,  topography  of 04 


Zahns  Camp,  Utah,  section  at. 
Zinc,  possible  complexity  of. . . 


17 
85 


i  •'  .i\.  ill  'IK.  \hW  l'«ii  k  >houKl  hn!  relumed  cii 
«r  \i>  T(-  the  flatc  la>t  ^tampe<l  beluw 

KM  —  3   4  0 


MR2:- 


ok  , 


It 


/ 


5927 


4S 


/ 


> 


